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SERIAL CORRELATION IN THE ANALYSIS OF TIME SERIES1 
RICHARD L. ANDERSON 
From the Department of Mathematics, Iowa State College 
Received June 10, 1941 
The problem of serial correlation was first introduced by Yule (8), 
who stated that the standard error test of significance was invalidated 
if our observations were not independent of one another. Yule adopted 
the term lagged serial correlation to denote the relationship between 
successive values of some variable x. If we have a set of n ordered ob-
servations, x1 , •••. , x 0 , with mean 0, we will define the sereal correlation 
coefficient for lag L to be 
CL X1XL+l + X2XL+2 + ..... + XNXL 
RL = - = -------------
v ::Sx12 
The writer was first introduced to this problem in a recent study of 
the harmonic components of the cyclical deviations of agricultural prices 
(1). The ordinary tests of significance of the harmonic terms derived 
by Walker (2) and Fisher (4) could not be used directly. The most 
obvious difficulty was the determination of the proper number of degrees 
of freedom in the price series. A tentative solution suggested by E. B. 
Wilson was adopted at that time (6). Wilson proposed that a sequence 
of the serial correlation coefficients, R 1, R2 , •••• , be computed to deter-
mine the first zero RL. The best estimate of the true number of degrees 
of freedom was taken to be the number of items in the series divided 
byL. 
The concept of serial correlation was extended by H. Wold (7), 
who proposed that a graph of the various serial correlation coefficients, 
called the correlogram, be used to determine whether the method of 
hidden periodicities, linear auto-regression, or moving averages should 
be used to analyze a time series. If the correlogram consists of a more 
or less regular sequence of harmonic terms with no damping of the 
amplitudes, the method of hidden periodicities should be used. If all 
amplitudes become almost zero (not zero because of sampling variation) 
after a certain lag, the method of moving averages is appropriate. If 
these amplitudes are merely damped, the method of linear auto-regres-
sion can be used. 
All these applications of serial correlation depend upon a table of 
significance levels of RL, which has never been given before. We have 
worked out the distributions of the serial correlation coefficient for arbi-
trary lags. The distributions included in this thesis have been based on 
1 Original thesis submitted June, 1941. Doctoral thesis number 611. 
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the assumption that the x's have a zero mean, but in future research we 
intend to derive the distributions and significance levels for RL corrected 
for a sample mean and perhaps any trend. The distribution of the serial 
covariance CL has been indicated, but it is of little utility for most prac-
tical purposes; hence, only the distributions of Rr, will be discussed in 
this abstract. 
For lag 1 and large N, we found that y = NR1/ (1+2R12) is normally 
distributed with variance 1 and mean 0. The significance levels for R 1 
can be found by substituting the significance levels of y in the formula 
Ri = y/yN-2'!f. 
In the determination of the distribution of R1 for small samples, a 
result given by W. G. Cochran on quadratic forms was utilized (3). 
For our problem, it was found that C1, the covariance for lag 1, is dis-
N 
tributed as ~A1UJ.. U1 is distributed as x2 with 1 degree of freedom, and 
i = l 
the A.'s are the roots of the characteristic equation of the coefficients of 
the x's in C1. This equation takes the form 
N 2:rti 
Fi,N(A.) =II (-A.1 +cos-) = 0, 
1=1 N 
~ N 
so that A1 = cos-. At the same time, V is distributed as ~ u 1• N 1=1 
Using these distributions of C1 and V, we determined the following 
general probability function for R1 and N odd: 
N-1 N-2 
2 2 




where a.1 = II (A.1 - A. 1) yl - Ai, j # i. No general formula was found j = l 
for N even; the significance levels of R1 for even N > 6 have been de-
termined by interpolating between the levels for the adjacent odd N. 
For a general lag L, certain generalizations concerning the charac-
teristic equations F L,N = 0 may be set down: (1) If L and N have no 
common factor, FL,N = Fi,N· (2) If L and N have a common factor a, 
FL,N = (F1.N/a)a. The second statement indicates that if Lis a multiple 
of N, so that N = pL, FL,N = (Fu)L. Only the distributions of RL for 
which L is a factor of N have been derived. This lag has been called the 
primary lag. The distributions of any of the other RL's will be included 
in this group. As an example, for N = 14, R4 , R6, R 8, R10, and R12 are 
all distributed like R2 (lag 2 is the primary lag). 
For p = 2 (N = 2L), the general probability function is 
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p (RL > R') = 1 /'h ~:;2~ 1 (1- y) . L / 2 -1 dy. 
~ (L/ 2,L/ 2) 
y = O 
Pearson has tabulated these incomplete Beta functions (5) .. In his nota-
tion, P (RL > R') = Ix (L/ 2, L/2), where x = (1 -R') /2. For p = 3, the 
probability function is P (RL > R') = Ix (L,L/2), where x = 2 (1 - R') /3. 
For p = 4, the density function of RL is 
1-RL 
D(RL) = kL J xL-1 XL/2-1 dx, 
x = O 
r(2L) 
where kL = ------- and X = [x2 - 2x + (1 - RL2)]. This 
2L-l r 2 (L/ 2) r (L) 
integral was rather easily evaluated for L even by expanding the inte-
grand in a series of the form ~xmxn. We have interpolated for most of 
the signficance levels for L odd. 
For p > 4, the distributions have been solved for lag 2 but only for 
p = 5, 6, 7, 8, and 9. Only the integrands have been set up for other lags. 
The 1 per cent and 5 per cent significance levels for R1 have been 
tabulated for N up to 45; for general RL, those significance levels for 
p = 2 and 3 have been extended for lags up to 50 and the levels for p = 4 
up to lag 16. 
No significance levels have been tabulated for RL corrected for the 
sample mean, but most of the probability formulas have been included. 
The large sample distribution is the same as before except that N is re-
placed by N - 1. The probability functon for N odd is P (R1 > R') = 
k + l 
1- ~ (R' -A1)k/ a1, for Am< R' < Am-1, where k = (N - 3) /2, a 1 = 
i = m 
k + l 
II' (A.i - A1) for j =I= i, and m > 2. Similarly for N even, P (R1 > R') = 
j = l 
N-2 
m 2 ~~ 
~(Ai - R')k/ a 1, for Am+1 < R' <Am, where a 1 =II' (A - Ai) '\/ 1 + Ador 
i=l j = l 
j =l= i. For p = 2, P(RL > R' ) = Ix[L/ 2, (L - 1) / 2] , 
where x = (1 - R'/ 2; for p = 3, P (RL > R') = Ix [L, (L - 1) /2], 
where x = 2 (1 - R') / 3. 
A few examples taken from the data used in my recent study of 
agricultural prices (1) have been included to demonstrate how to calcu-
late the serial correlation coefficients and how to use the results in 
interpreting the data. 
6 RICHARD L. ANDERSON 
In conclusion, it should be noted that this manuscript is merely an in-
troduction to the problem of serial correlation and that we intend extend-
ing the results to include data corrected for trend as well as higher lags. 
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RELATIVE REACTIVITIES OF SOME ORGANOMETALLIC 
COMPOUND St 
LESTER D. APPERSON 
From the Department of Chemistry, Iowa State College 
Received May 22, 1941 
A. ORGANOALUMINUM HALIDES 
Organoaluminum halides have been found to possess an order of 
reactivity which is comparable to simple organoaluminum compounds. 
There is not much difference in reactivity between R2AIX compounds 
and RAIX2 compounds. Likewise, alkyl- and arylaluminum halides ex-
hibit the same order of reactivities. 
All types of organoaluminum halides give positive color tests when 
they are warmed for 5 minutes with Michler's ketone. Benzonitrile and 
the mixed phenylaluminum iodides produce a 2 per cent yield of benzo-
phenone. Acetyl chloride and p-tolylaluminum dichloride give a 75 per 
cent yield of methyl p-tolyl ketone in xylene solution. Propiophenone 
is obtained in a 95 per cent yield from benzoyl iodide and the mixed ethyl-
aluminum iodides in benzene solution. Benzoyl iodide and the mixed 
phenylaluminum iodides produce a 33 per cent yield of benzophenone in 
petroleum ether (b.p., 90-115°) solution. In general, benzoyl iodide is 
more reactive than benzoyl chloride toward organoaluminum halides. 
Reactions with benzoyl chloride are summarized in Table 1. 
The proper choice of solvent has considerable effect on the yield of 
product. Aromatic hydrocarbon solvents give the best results. The yield 
of propiophenone from benzoyl chloride and the mixed ethylaluminum 
iodides is practically negligible when diethyl ether is used as the reaction 
medium. Acid anhydrides react quite readily with organoaluminum 
halides to give ketones, but only one carbonyl group is involved in the 
reaction. Acetic anhydride and the mixed ethylaluminum chlorides pro-
duce a 40 per cent yield of methyl ethyl ketone in benzene solution. The 
yield of propiophenone from benzoic anhydride and the mixed ethyl-
aluminum iodides is 45 per cent in benzene solution. A 45 per cent yield 
of benzoic acid is also obtained. 
Ketones are condensed by organoaluminum halides, and for that 
reason previous workers have concluded that Friedel-Crafts ketone syn-
theses cannot involve the intermediate formation of organoaluminum 
halides.2 However, in Friedel-Crafts reactions the ketones are always 
combined with aluminum chloride in complexes, and it is necessary to 
hydrolyze the complexes to obtain the free ketones. It has been found 
that ketone-aluminum chloride complexes are unaffected by organo-
1 Original thesis submitted July 16, 1940. Doctoral thesis number 588. 
•Leone and Braicovic, Gazz. chim. ital., 55, 301 (1925) . 
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TABLE 1 
REACTIONS OF BENZOYL CHLORIDE AND 0RGANOALUMINUM HALIDES 
Organoaluminum Halide Solvent Product 
Percentage 
Yield 
[ (C,H,).AlI+C.H.All2] benzene propiophenone 90 
[ (C,H,) 2AII+C.H.AlL] carbon disulfide propiophenone 85 
[ ( C,H,) 2AII +C2H.All2] tetrachloroethane propiophenone 54 
[ (C,H,) 2AII+C2H.All2] petroleum ether propiophenone 48 
[(Coll,) .AII+C.H.AII,] xylene benzophenone 47.5 
[ (CJL) 2All+C.H.All2] petroleum ether benzophenone 12 
p-CHaCuH.AlCl, xylene phenyl p-tolyl ketone 60 
p-CHaCJLAlCl, petroleum ether phenyl p-tolyl ketone 30 
(C.H.),AlCl benzene propiophenone 67 
aluminum halides under moderate reaction conditions and that the 
ketones can be recovered upon hydrolysis. Furthermore, acid chloride-
aluminum chloride complexes react quite readily with organoaluminum 
halides to give good yields of ketones. Therefore, the intermediate forma-
tion of organoaluminum halides as a mechanism for Friedel-Crafts ketone 
syntheses is justified on the basis of the reactivity of the organoaluminum 
compounds. It is, however, still a matter of speculation whether inter-
mediate organoaluminum compound formation is the true mechanism, 
since it has never been demonstrated that aluminum chloride and aro-
matic hydrocarbons will form organoaluminum halides. 
The organoaluminum halides have been prepared by standard pro-
cedures with slight modifications in a few preparations. New organo-
aluminum halides used in these studies include the mono-etherate of 
diethylaluminum chloride (b.p., 100-102° / 3 mm.), the mixed n-butyl-
aluminum iodide etherates (b.p., 100-170° / 5 mm.), the mixed n-butyl-
aluminum chloride etherates (b.p., 100-170° / 25 mm.) and p-tolylalumi-
num dichloride. 
B. DIVALENT ORGANOLEAD RADICALS 
The studies on divalent organolead radicals were undertaken with 
the dual purpose of devising improved methods for their preparation and 
determining their reactivity in comparison with trivalent and tetravalent 
organolead compounds. 
Red solutions are obtained when reactions between Grignard reagents 
and lead chloride are carried out at - 2 to 0° , but no divalent organolead 
radicals could be isolated by the writer. 
Attempts to prepare diphenyllead by the reduction of diphenyllead 
dihalides with alkali metals in liquid ammonia solution have been unsuc-
cessful. The expected reaction, (C6H5 ) 2PbX2+ 2M~ (C6H 5 ) 2Pb + 2MX, 
either does not take place or more likely occurs and the diphenyllead 
reacts further to give triphenyllead and inorganic lead compounds. The 
addition of two equivalents of alkali metals to one equivalent of the 
diphenyllead dihalides in liquid ammonia produces black-colored solu-
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tions which yield triphenyllead and inorganic lead compounds upon evap-
oration of the liquid ammonia. Addition of ethyl bromide to the black 
solution gives a compound which is probably triphenyllead with ethyl 
bromide of crystallization. 
The addition of four equivalents of lithium to diphenyllead dihalides 
in liquid ammonia produces black-colored solutions which give triphenyl-
lead and inorganic lead compounds upon evaporation of the liquid am-
monia. Treatment of the black solution with ethyl bromide and benzyl 
chloride gives triphenylethyllead and triphenylbenzyllead, respectively. 
The reverse addition of one equivalent of diphenyllead dihalides to four 
equivalents of lithium dissolved in liquid ammonia gives red solutions 
which yield chiefly inorganic lead compounds and a small amount of tri-
phenyllead upon evaporation of the solvent. Addition of ethyl bromide 
to the red solution gives inorganic lead compounds and an oil which is 
about 60 per cent diphenyldiethyllead. The remainder of the oil is tri-
phenylethyllead (25 per cent), phenyltr iethyllead (8 per cent) and tetra-
ethyllead ( 4 per cent) . The main reaction is probably the formation of 
dilithium diphenyllead, hitherto unknown, which reacts with ethyl bro-
mide to give diphenyldiethyllead. The previously reported constants 
(n0 180, 1.5939; d200, 1.6435) for diphenyldiethyllead could not be checkeda. 
A sample of diphenyldiethyllead, prepared from diphenyllead dibromide 
and ethylmagnesium bromide, gives the following data: n 0 200, 1.6128; 
d200, 1.6410; b.p., 160-162° / 3 mm. A more carefully fractionated sample, 
obtained from liquid ammonia reactions, gives very similar constants 
(n0 20°, 1.6150; d200, 1.6401; b.p., 158-161° / 2 mm.} . 
Lithium and sodium are the best metals to use in the preparation of 
M2PbR2 compounds, and the dibromide and dichloride are the best di-
phenyllead dihalides to use in the preparation of dilithium diphenyllead. 
Attempts to isolate dilithium diphenyllead from the red liquid ammonia 
solutions give only decomposition products. The addition of diphenyllead 
dibromide to dilithium diphenyllead yields only triphenyllead and inor-
ganic lead compounds. The same products are obtained by the addition 
of ammonium bromide to dilithium diphenyllead. 
Miscellaneous attempted preparations of diphenyllead include the 
reduction of the diphenyllead dihalides by catalytic hydrogenation, hydra-
zine hydrate, and aluminum metal. The latter two reagents do not affect a 
reduction under the mild reaction conditions, but catalytic hydrogenation 
at 30 pounds pressure completely reduces the diphenyllead dihalides to 
benzene and inorganic lead compounds. Diphenyllead di-iodide gives bi-
pheny 1 instead of benzene. 
The reaction of lead mercaptide with phenyllithium probably involves 
the intermediate formation of diphenyllead, but only triphenyllead, tetra-
phenyllead, and metallic lead are isolated. 
' Moller and Pfeiffer, Ber., 49, 2443 (1916) . 
THE PHYSIOLOGIC AND ECONOMIC EFFICIENCY OF RATIONS 
CONTAINING DIFFERENT AMOUNTS OF GRAIN WHEN FED TO 
DAIRY CATTLE1 
KENNETH MAXWELL AUTREY 
From the Laboratories C1f Dairy Husbandry and Animal Nutrition, Department of 
Animal Husbandry, Iowa State College 
Received June 10, 1941 
In 1938-39 a dairy cattle feeding experiment was conducted at this 
station to compare a ration of roughage alone with rations of roughage 
and grain. Fifteen Holstein cows of the station herd were used in this 
trial. They were divided into five trios, the animals of each trio being 
similar in age, size, stage of lactation, and production. The fifteen cows 
were then randomly divided into three groups of five cows each, each 
animal of a trio being placed in a group different from the corresponding 
two. The experiment consisted of three experimental periods of seven 
weeks each and was of the double switchback type. Group I received 
a ration of roughage alone in the first period, while Group II received 
roughage plus a limited amount of grain (1 pound for each 8 pounds 
of milk produced). The rations for these two groups were reversed at 
the end of Period I, and then they were returned to their original re-
spective rations for the third period. Group III served as a check and 
received a ration of roughage plus a full amount of grain (1 pound for 
each 4 pounds of milk produced) throughout the experiment. 
One of the cows was removed from the experiment as a T.B. reactor 
in the second period, and in order to keep the groups uniform, the 
corresponding two animals in the other groups were also removed. 
A summary of the results shows that the consumption of dry mat-
ter was considerably greater by the animals receiving grain than those 
receiving only roughage feeds. Although the cattle on roughage alone 
lost no weight, they seemed less thrifty than those in opposing groups, 
and there was a greater incidence of animals going off-feed when they 
received no grain. Milk production by cows on limited· grain was con-
siderably greater than that on roughage alone, and likewise greater on 
full grain than limited grain feeding. The difference in both cases were 
significant. The returns above feed cost, using Iowa prices of 1938-39, 
favored full grain feeding over limited grain, and the latter over rough-
age alone. 
The results of this experiment were not conclusive and the design 
was not appropriate for an adequate statistical interpretation 9f the 
data. Hence a second experiment was conducted in 1939-40 to further 
1 Original thesis submitted June, 1941. Doctoral thesis number 608. 
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study the physiologic and economic efficiency of rations containing 
different amounts of grain when fed to dairy cattle. 
Eighteen Holstein cows were used in this investigation. They were 
divided into six outcome groups of three cows each, the animals in each 
trio being selected for as much uniformity as possible, in age, size, stage 
of lactation, and production. 
The experiment was confined to one lactation, and was of a modi-
fied change-over type. It consisted of three six-week experimental per-
iods with one week between the periods for changing rations. The plan 
was such that each cow received a different ration during each period; 
and each ration was preceded by each of the other rations an equal 
number of times throughout the trial, when all cows were considered. 
The rations were allotted in such a way that each animal of a group 
received one different from that of the other two individuals of the trio 
during a given period. Although this method of allotment is not entirely 
random, it was done so that any carry-over effects on milk production 
or nutrient consumption which might occur in changing from one ration 
to another could be properly evaluated in the analysis of the results. 
This plan also permits tests of significance of the differences between the 
ration effects. 
The rations tested in this experiment were: (A) alfalfa hay and 
corn silage; (B) alfalfa hay, corn silage, and grain fed at the rate of 1 
pound to each 7 pounds of milk produced; and (C) alfalfa hay, corn 
silage, and grain fed at the rate of 1 pound to each 3.5 pounds of milk 
produced. 
The constituents of the grain mixture, in parts by weight, were: 
Corn and cob meal, 4; oats, 4; cracked soybeans, 1; bone meal, 0.25; 
and salt, 0.15. All animals, while receiving roughage alone, were fed 
a mineral supplement consisting of bone meal and salt. The cows were 
fed all the hay and silage they would eat, and had access to water at 
all times. 
For certain of the analyses given in the results, namely, calculation 
of the measures of physiologic and economic efficiency, the data of the 
first experiment were combined with those of the latter one. 
The results show that the total dry matter consumption of the 
cows increased when the amount of grain in the ration was increased, 
which indicates that the feeding of grain stimulates the appetites of 
cows, at least over short periods of time. The average daily intake of 
dry matter was 24.39 pounds on roughage alone, 28.16 pounds on limited 
grain, and 31. 78 pounds on the full grain ration. Although there was a 
significant increase in the total dry matter consumption, when grain 
was added to the ration, there was a decrease in consumption of dry 
matter from the roughage portion. 
In every period the cattle on roughage alone failed to consume suf-
ficient digestible nutrients to meet the calculated requirements for 
maintenance and milk production. The average deficiency in digestible 
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nutrient consumption was 21.89 per cent, while there was an average 
per cow per day loss in live weight of 0.43 pound. The cattle on limited 
grain feeding consumed 10.84 per cent less than enough nutrients to 
meet the calculated requirements, but oddly enough there was an aver-
age increase in live weight of 0.11 pound per cow per day. 
The cattle consumed almost exactly the amount of nutrients re-
quired during the time they were fed the full grain ration. They also 
gained in weight in these periods. 
The average daily production of fat corrected milk ( 4 per cent 
butterfat) while the cows were being fed ration A was 30.3 pounds; while 
being fed ration B it was 34.3 pounds; and while being fed ration C it 
was 37.2 pounds. Although these figures give evidence of appreciable 
differences between the ration effects on milk production, they fail to 
show the true differences. 
If there were no carry-over effect on milk yield of one ration to the 
next, the simple analysis of variance would suffice to discern the true 
ration effects on production. In the case of total nutrients, the con-
sumption in one period did not appear to have been influenced by the 
ration given in the previous period, while with milk yield, a carry-over 
effect is present. Therefore, the simple, unaltered averages fail to give 
an unbiased estimate of the ration effects on milk production. 
Because carry-over effects are present, the average milk yields un-
der each ration must be adjusted to avoid bias. The design employed 
in this experiment allowed such adjustments to be made, by using a 
technique known as the method of least squares. 
After estimating the residual effects the mean milk yields were 
adjusted. This adjustment caused some alteration in the magnitude of 
the original production means, as shown in Table I. 
The adjustments reduced the mean yield of the cows fed roughage 
alone by 19 pounds of milk and increased the mean yield of the cows 
fed the full grain ration by about the same amount. The adjusted mean 
yield of the cows when receiving limited amounts of grain did not change 
materially from the actual mean yield, seemingly because the beneficial 
TABLE I 
MEAN YIELDS OF FAT CORRECTED MILK PER Cow PER PERIOD OF SIX WEEKS 
Y IELDS ADJUSTED FOR 
U NADJUSTED Y IELDS CAJ<RY-OVER EFFECTS 
Increase over Increase over 
Roughage Roughage 
Mean Percent- Mean Percent-
RATION Pounds Pounds age Pounds Pounds age 
Roughage alone ..... .. 1270.8 1251.5 
Limited grain ...... . . . 1440.3 +169.5 +13.3 1441.7 +190.2 +15.2 
Full grain .... ........ 1560.7 +289.9 +22.8 1578.7 +327.2 +26.1 
Standard Error .... . . . ±20.3 ±28.7 ±2.3 
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carry-over effect from the full grain feeding was cancelled out by the 
detrimental carry-over effect from feeding roughage alone. Without 
adjustments for the carry-over effects, the differences between the 
rations were underestimated by about 11 per cent. 
The statistical analysis shows that the design attained a satisfactory 
degree of precision. The standard error per cow, total of six weeks, was 
77.84 pounds, or only 5.5 per cent of the mean, 1,424 pounds; and the 
differences between the ration means were highly significant . 
In order to arrive at some estimate of the relative physiologic effic-
iency of the rations, the ratios, fat corrected milk produced/ total digesti-
ble nutrients consumed above maintenance, were calculated. This value 
was 5. 76 for the cattle on roughage alone, 4.09 for those on limited grain, 
and 3.20 for those receiving the full grain ration. In this measure of 
physiologic efficiency, the greater values for the high roughage planes 
of feeding decreased as the lactation period adva~ced so that by the 
end of the eighth month of lactation the differences between the rations 
as measured by this ratio were very slight. 
It must be remembered that the animals on the high roughage 
rations suffered losses in live weight, while those on the full grain 
ration consumed sufficient nutrients to meet their requirements and 
gained in live weight, all of which tends to discount the calculated 
higher "physiologic efficiency" values of the high roughage rations. 
Hence it is perhaps unfair to ration C to accuse it of being as low, rel-
atively, as the calculated "physiologic efficiency" value suggests. 
The comparisons of economy of production on the three different 
planes of feeding are shown in Table IL 
TABLE II 
RETURNS ABOVE FEED COSTS (AVERAGE FOR SIX-WEEK P ERIOD) OF DAIRY Cows ON 
THREE PLANES OF ThEDING • 
TIME OF Butterfat 
Pe'iafon 
Grain Roughage Limited Full 
YEAR Per Lb. Per Ton Alone Grain Grain 
March $0.31 $7.96 $21.05 $11.16 $12.30 $12.13 
July 0.28 6.72 20.64 10.16 11.07 10.81 
November 0.32 7.18 19.51 11.82 13.21 13.24 
• Prices used are averages of Iowa m arket prices for the years 1936-40. For all calculations 
skimmilk was priced at $0.25 per cwt ., and silage at $4.00 per ton. 
Full grain feeding proved to be slightly more profitable than no 
grain feeding, and the limited grain ration was the most profitable of the 
three. However, these differences between the rations from the stand-
point of returns above feed costs are quite small regardless of the time 
of year (March, July, or November). 
Using the formula developed by Cannon and Espe, and the prices 
given in the above table, the value of grain in the dairy ration was 
calculated. The results showed that grain, when fed in limited quanti-
ties, was worth slightly more than when fed in full amounts. 
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CONCLUSIONS 
The double change-over design used in the latter experiment was 
successful in permitting a thorough analysis and interpretation of the 
results. The carry-over effects were adequately discerned from the 
true ration effects. 
The results of these trials show that under midwestern price con-
ditions as during the past five to six years, it will pay farmers to include 
at least a limited amount of grain in their dairy rations. However, if 
butterfat prices decrease to $0.25 per pound, or less, and grain prices 
approach $30 per ton, many dairy farmers will doubtless find it wise to 
decrease the amount of grain fed, or eliminate it entirely. 
FERMENTATIVE UTILIZATION OF CASSAVA1 
JULIAN R. BANZON 
From the Department of Chemistry, Iowa State College 
Received May 22, 1941 
The cassava, Manihot utilissima, is a plant possessing quite unusual 
characteristics. It has no known pests nor enemies; it grows in moist soils, 
resists extreme droughts, and propagates easily. It is the cheapest source 
of starch known, and at present the industries have not made much use 
of the cassava except for this purpose. 
A difficult situation has arisen in the Philippines because petroleum 
resources are almost absent. The importation of liquid fuels has steadily 
increased despite the extensive employment of ethyl alcohol, either 
straight or blended, in power tractors, trucks, and busses. The alcohol is 
manufactured from cane molasses, but the entire molasses output of the 
country if fermented would hardly meet the domestic fuel requirement. 
The cassava as a potential source of alcohol has been suggested, but 
there has been no large scale development along this line. Being starchy, 
cassava requires a special treatment, that of saccharification, before it 
can be acted upon by yeast. The current methods of saccharification 
make use of acids or malt, both of which are too costly and are inappli-
cable to local Philippine conditions. 
The production of chemicals like butanol, acetone, and ethanol from 
cassava is also a step towards the industrialization of the country. For 
these reasons the fermentative utilization of cassava was made the object 
of the investigati<;m. 
MATERIALS AND METHODS 
The cassava samples were obtained as dried chips from peeled and 
unpeeled roots; the chips were ground to a powder. The mold-bran em-
ployed for saccharification was prepared from a strain of Aspergillus 
orzyae and wheat bran according to the method of Underkofler, Fulmer, 
and Schoene.2 
In the investigations on alcoholic fermentation the ethanol yield 
was used as the measure of efficacy of the various experimental treat-
ments. Fermentations were carried out by means of a strain of Saccharo-
myces cerevisiae. The fermented mashes were distilled, and the ethanol 
content was determined from the specific gravity of the distillates. The 
calculation of ethanol yield was based on the theoretical equation: 
C6H 1206 --? 2C2H50H + 2C02. The glucose equivalent of the starch 
in the samples was determined by the official A. 0. A. C. acid hydrolysis 
method and by the Shaffer-Hartmann titration procedure. Ethanol cor-
1 Original thesis submitted July 15, 1940. Doctoral thesis number 578. 
'Underkofler, Fulmer, and Schoene. Indust. Engr. Chem. 31:734-738 (1939). 
[15] 
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rections for the inoculum and for the other added materials were evalu-
ated by means of differential fermentations. 
In the butyl-acetonic fermentation the experimental mashes were 
inoculated with the third transfer from a spore culture of a strain of 
Clostridium acetobutylicum. After incubation for 72 hours at 30° C. the 
fermented mashes were distilled and total solvents in the distillate were 
determined from the specific gravity and the Christensen-Fulmer equa-
tion: 
Total solvents, g./100 ml. = 698 (1.000 - sp. gr. 25/ 25). Due correc-
tion was made for inoculum and other materials added. Yield was ex-
pressed as grams total solvents per hundred grams of glucose equivalent 
of sample. 
EXPERIMENTAL RESULTS 
A. ALCOHOLIC FERMENTATION 
The saccharification of cassava by means of sulfuric acid was investi-
gated. Acid concentration and the ratio of sample to acid were varied, 
and the corresponding effect on the conversion of starch to glucose was 
determined by the Shaffer-Hartmann titration. The acid hydrolysates 
were neutralized with ammonium hydroxide ~~d were inoculated with 
yeast. The highest conversion of starch to glucose was obtained when the 
acid concentration was 0.4 normal and when the ratio of sample to acid 
was 1: 2.5 or 1: 3. Yeast fermentation of the acid hydrolysates gave poor 
yields of ethanol. The yields improved when mold-bran was added and 
when the dilution was increased. The effect of adding malt, wheat bran, 
inactivated mold-bran, inactivated malt, and yeast extract to the acid 
hydrolysates was also studied. Four strains of yeasts were found satisfac-
tory for fermentation. Variations in the cooking pressure, the cooking 
time, and the acid concentration did not affect ethanol yields to any large 
extent. 
Due to the stiffness of cassava pastes, the usual mashing operation at 
55° to 60° C. was found difficult to perform. Various methods of effecting 
thinning or liquefaction were studied. Cooking the cassava with 0.1 or 
0.05 normal sulfuric acid liquefied the pastes sufficiently; the acid, how-
ever, had to be neutralized prior to fermentation. The addition of hot 
water to cassava containing 2 to 3 per cent by weight of dry mold-bran, 
such that the temperature of the mixture reached 70° C. (gelatinizing 
temperature) resulted in a mash which liquefied satisfactorily upon 
standing for 15 to 30 minutes. With this method, however, the amylase in 
the thinner was rendered unavailable for further enzymatic action due 
to subsequent cooking of the mash. Thinning was more conveniently 
accomplished by means of mold-bran equal to 0.5 per cent of weight of 
sample, made into a suspension in water. The suspension was added to 
the cassava paste at 75° C. with stirring. Pastes that had cooled down 
and been reheated gave variable results. Carrying the thinning operation 
at 65° C. was thoroughly satisfactory and gave consistent results. The 
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method failed above 75° C. The bacterial enzyme preparation known as 
"Rapidase" effected liquefaction with ease at 80° C. 
Conditions for the saccharification of cassava mash by means of 
mold-bran were studied. Mash concentrations up to 20 per cent gave 
good yields of ethanol; highest yield was obtained at a mash concentra-
tion of 16 per cent. For ease of working, thinning of the mash with mold-
bran suspension prior to saccharification was advantageous. The pro-
portion of mold-bran necessary for saccharification was 7.5 to 10 per 
cent of the weight of the cassava. In yeast fermentation the volume of 
the inoculum was found to be not critical and could be as low as 2 per 
cent of the total volume, although slightly better results were obtained 
with 6 per cent. The length of time of fermentation was about 72 hours 
when incubation was at 30° C. The effect of grinding the cassava to a 
state of fine subdivision and the effect of stirring the mash during sacchari-
fication were also studied; the results were inconclusive. The "malting" 
or saccharifying operation so necessary for the malt process was given 
careful attention. A study of the effect on final ethanol yields of the 
temperature of the saccharifying bath demonstrated that the higher the 
temperature the lower were the yields. A similar study showed that the 
longer the sample is kept in the bath the lower were the results. The 
usual "malting" operation was found unnecessary and the fermentation 
procedure was simplified by the omission of the saccharifying bath. The 
mold-bran was simply introduced into the previously thinned mash at 
30° C. No temperature control was necessary within the range of 30° 
to 40° C. 
The employment of barley malt as a saccharifying agent in the alco-
holic fermentation of cassava was found to be unsatisfactory. The effect 
on ethanol yields of the concentration of the cassava in the mash, the 
proportion of barley malt, and the ratio of thinner to saccharifier were 
investigated. The ethanol yields obtained were always low. Increasing 
the quantity of malt in the mash improved the yields somewhat, but even 
when the amount of malt was 20 per cent of the weight of the cassava the 
ethanol yield did not quite reach 70 per cent. Varying the concentration 
of cassava in the mash did not affect the ethanol yields. The amylase in 
malt was thought to differ from that in mold-bran, because mashes 
which had been thinned with mold-bran and saccharified with malt gave 
higher yields of ethanol than mashes which had been treated with malt 
exclusively. 
B. BUTYL-ACETONIC FERMENTATION 
The butyl-acetonic fermentation of cassava alone was found to 
give very poor yields of total solvents. Replacement experiments dem-
onstrated that as much as 80 per cent of corn, the standard substrate for 
this type of fermentation, could be replaced by cassava and still obtain 
as good a yield of solvents as from corn alone. Shrimp powder, corn 
gluten meal, soybean fl.our, compressed yeast, peptone, and urea were 
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investigated as possible nutrients when added to cassava mash. Yields 
of total solvents comparable to those obtained from corn were attained 
when shrimp powder, corn gluten meal, and soybean flour were incor-
porated into the mash. The quantity required was about 5 per cent. 
Shrimp powder was considered particularly promising because of its 
ready availability in the Philippines. 
CHEMICAL ENGINEERING APPLICATIONS OF A MODIFIED 
ARCHIMEDEAN SCREW1 
HERBERT TEMPLETON BATES 
From the Department of Chemical Engineering, Iowa State College 
Received June 10, 1941 
The theory of operation of the modified Archimedean screw2 was 
extended by allowing for the space occupied by the flights and by deter-
mining the optimum angle of operation for the maximum water horse-
power. The modified Archimedean screw was shown to be an equilibrium 
device, which except for frictional losses would operate on a reversible 
work cycle. 
The~ modified Archimedean screw has the characteristic of lifting 
relatively large volumes of liquid short distances reliably and efficiently. 
This makes possible an aeration device consisting of an Archimedean 
screw with nested sidewalls attached at the bottom to the outer edge of 
the screw flights and with large flat spiral fins attached to the upper 
edges of the sidewalls. When the lower end of this aerator is submerged 
in a liquid and rotated, liquid is raised inside the Archimedean screw 
and distributed evenly over the faces of the fins in contact with air. The 
aerator can be applied to any of the aeration processes: water cooling, 
humidification, or oxidation of chemical solutions. Since the discharge 
from the fins ordinarily occurs near the bottom edges, windage loss is re-
duced to a minimum. 
In order to study the effects of changes in speed, size, and inclina-
tion of the fins on the rate of water cooling, a flat circular disc rotating 
about an axis through its center was set up. It was found desirable to 
rotate the disc slowly in a plane near the horizontal for the best rate of 
water cooling. The cooling range was easily increased by decreasing 
the water feed rate. An Archimedean aerator design must be a compro-
mise between the best angle of operation for the fins and the best angle 
for the Archimedean screw. 
The heat and mass transfer coefficients for the water-cooling process 
were calculated by an approximate method from a large number of ex-
perimental runs using both the Archimedean aerator and the rotating 
disc. At normal water flow rates, these coefficients were substantially 
independent of water feed rate, but they were dependent upon the 
angle of operation of the disc.. The coefficients were considerably larger 
when the air was circulated with a fan than they were during natural 
convection alone. At very low water flow rates the heat and mass trans-
fer coefficients were found to decrease sharply to very small values. The 
1 Original thesis submitted June, 1941. Doctoral thesis number 614. 
• Rollman, W. F. The principle of the archimedean screw in chemical engineer-
ing. Doctoral Thesis No. 462. Library, Iowa State College. (1938.) [Unpublished.] 
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latter phenomenon is presumably due to the failure of some of the 
assumptions inherent in the mathematical analysis, since the coefficients 
should be independent of water feed rate. 
The Archimedean screw has the characteristic of delivering the 
same quantity of liquid for each revolution it makes at any fixed angle 
of operation. This makes possible the development of metering and pro-
portioning devices. Two of these were built, and tested. The first con-
sisted of a spiral of tubing wound over a light steel framework. The 
tube was clamped to the frame at the bottom, but the remainder of the 
helix was free to slide. In operation at a fixed angle and at a fixed speed, 
this pump delivered liquid at a definite rate which could be closely regu-
lated by changing the tension on the helix, thus altering the pitch. 
An automatic proportioner was built which operated at a constant 
speed but at a variable angle of operation. The cradle which supported 
the rotating Archimedean screw, its drive motor, and its speed reducer 
was pivoted at the bottom and suspended near the upper end from a 
counterbalancing boom. The boom was pivoted at the center, and the 
link connecting the upper end of the boom to the cradle was arranged 
to keep the boom and cradle parallel at all times. A counterbalancing 
weight was adjusted near the lower end of the boom to keep the moving 
parts balanced at all angles. 
To control the angle of operation of the Archimedean screw in the 
automatic proportioner, water was run over a weir, and a float behind 
the weir was connected by means of a rope and pulleys to the cradle 
of the screw. The rope was connected to the cradle so as to lift as nearly 
vertically as possible. Consequently, the mechanical advantage of the 
float acting on the cradle increased roughly as the weight of water in the 
Archimedean screw increased. A specially shaped weir was designed in 
order that the flow over the weir would match the discharge from the 
Archimedean screw at all but a very low rate of flow. 
The automatic proportioner was tested as a chemical feeder for a 
cold process lime-soda ash water-softening installation. The performance 
was satisfactory when the speed of rotation of the Archimedean screw 
was not too high, and when the agitation of the chemical slurry was not 
sufficent to develop foam on the surface. The inertia of the counter-
balancing system was large enough to prevent the proportioner from fol-
lowing rapid changes in the flow rate. 
THE THEORY AND APPLICATION OF TENSOR ANALYSIS1 
ROBERT EDWIN BEAM 
From the Department of Electrical Engineering, Iowa State College 
Received May 22, 1941 
In an attempt to establish a correspondence between physical phe-
nomena and mental processes, the principles of geometrical representation 
of algebraic formulas are used. The methods of tensor analysis provide a 
means of algebraic formulation; the principles of differential geometry 
provide a suitable method of reasoning. The first five parts of this thesis 
are devoted to an exposition of those fundamentals of tensor analysis and 
differential geometry which seem essential from the viewpoint of applica-
bility to engineering problems; the remaining parts are devoted to appli-
cations. 
The principal application considered centers about the fact that 
essentially the same geometrical theory represents either mechanical or 
electrical circuits provided the analogous concepts are properly chosen. 
The fundamental postulate 
D dxl 




where - is the intrinsic or absolute derivative, is assumed to represent 
Dt 
a combined electro-mechanical system after the analogous quantities are 
once defined. If the quantities g1j are interpreted as components of an 
dxl 
inertial tensor, if the quantities -- are interpreted as components of a 
dt 
velocity vector, and if the quantities X 1 are interpreted as components of 
the resultant of the applied forces, then the fundamental postulate repre-
sents Newton's second law of motion in tensor form. This postulate can be 
expanded after introducing* 
dxl () 1 dx1 dxl <'lT 
g1j--=-- (-g1j----) =--




1 Original thesis submitted August 21, 1940. Doctoral thesis number 595. 
~ ~ ~ ~ 
• Here and in the sequel x, = - . Similarly (), = - , s, = - , su = - etc. 
ill ill ill ~ 
[21] 
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Lagrange's equations of motion. Similarly, by introducing the analogous 
electric circuit concepts, the fundamental postulate represents the per-
formance of an electrical network in tensor form. The broader interpre-
tation results by considering the quantities in the fundamental postulate 
to represent either electrical or mechanical concepts in an electro-
mechanical system. 
The fundamental postulate may be referred to either a true-co-
ordinate reference system or an intrinsic reference system consisting of an 
ennuple of congruences. By allowing the fundamental postulate to rep-
resent a typical electro-mechanical system, the rotating electrical machine, 
the performance can be expressed in terms of either true or intrinsic vari-
ables. If the reference system is properly chosen, it is possible to obtain 
the performance equations in a form which is simpler to solve than the 
initial form. By making the usual idealizations of negligible hysteresis 
and eddy-current losses of sinusoidal variations of inductances and of 
two independent rotor currents, the performance equations of a three-
phase induction motor are expressed along a particular intrinsic reference 
system in a form which involves only constant coefficients. The transfor-
mation coefficients 
s' s2 s3 s• s5 () 
1 0 1 0 0 0 q l 
1 v3 q2 
+ - 1 0 0 0 
2 2 
1 v3· q3 1 0 0 0 [••']= 2 2 (4) ds1 0 0 0 cos () sin () 0 q• 
0 0 0 cos(8+120) sin(8+120) 0 q5 
0 0 0 cos(8~120) sin(().:....120) 0 qG 
0 0 0 0 0 1 () 
where the s1 are intrinsic variables and the q1 are true-co-ordinate vari-
ables, are used to transform the initial tensor components g1J, R 1J> and ei. 
The inductance and inertial tensor components 
ql q2 q!l q4 q5 qfl q1 ~ 
0 
::>:l 
i L .. - Ma - M .. M cosfJ M cos M cos 0 ql >< 
l (0+120) (0 ~120) > z -M. M cos 0 t::t -M,, L .. M cos M cosO q2 ~ (0-120) (0+120) 
"d 
t"' 
-M .. -M,. L. M cos M cos M cosO 0 q3 ..... (") 
(0+120) (0 - 120) > >-3 
..... 
M cosfJ M cos M cos L b -Mb -Mb 0 q4 (5) 0 g,J = z (0 --120) (0+120) 0 
".I 
M cos M cos8 M cos -Mb L b - Mb 0 q5 >-3 l'l (0+120) (0-120) z Ul 
-Mb - M 11 Lb 0 q6 
0 
M cos M cos M cosO ::>:l 
(0-120) (0+120) > z 
0 0 0 0 0 0 ir q7 ~ 
>< Ul 
j__. UJ 
.... 1" >; 






51 52 53 54 511 8 
3 v3 9 
- (La+Ma) -Ma -6Ma -M 0 0 51 
i 2 2 2 




- 2Ma -(La+Ma) 0 -M 0 52 
tXI 
toJ 
2 2 ::0 >'3 
-v3M. 3(La+2M.) 0 0 0 53 
toJ 
-6M., t:I ~ 
9 0 
3 ...;3 ~ 
g'lj = 
-M 0 -(Lb+Mb) - -Mb 0 5• (6) tXI 





0 -M 0 3 
2 -Mb -(Lb+Mb) 0 511 2 2 
0 0 0 0 0 j, 8 
j--+ 
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In (5) and (6) the variables q1, q2, and q3 are stator variables correspond-
ing to phases 1, 2, and 3, respectively; and q4, q5, and q6 are the rotor 
variables corresponding to phases 4, 5, and 6, respectively; also q7 is equal 
to 8, the angular position of the ratio. Similarly, the resistance tensor 
components 
ql q2 qS q~ q5 q6 q7 
i Ra 0 0 0 0 0 0 ql 
! 0 Ra 0 0 0 0 0 q2 0 0 R. 0 0 0 0 q3 
R tJ = 0 0 0 Rb 0 0 0 q! (7) 
0 0 0 0 Rb 0 0 q5 
0 0 0 0 0 Rb 0 qG 
0 0 0 0 0 0 R, q7 
j-. 
transform to 
51 52 53 54 5~ (} 
3 51 
-Ra 0 0 0 0 0 
2 
i 3 52 
w,, = .! 0 -Ra 0 0 0 0 2 0 0 3Ra 0 0 0 58 (8) 
0 0 0 
3 
-Rb 0 0 54 
2 
3 55 0 0 0 0 -Rb 0 
2 
0 0 0 0 0 R, (} 
j----+ 
Further, the three applied voltages e1, e2, e3, and the applied torque e7 
transform to 
1 
e' 1 = ei - - ( e2 + es) , 
2 
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(9) 
and 
The transformed quantities g'1J, R'1l> and e'i are substituted in the 
following dynamical equation, expressed in terms of intrinsic reference 
variables s1, to obtain the equations of performance of the induction 
motor: 
R akSt + g' akS tt + (--- - l/z ---} , a a [ clg'ak clg'a'Y 
clsv clsk 
cl cls.8 cl cls.8 clq1 clqm J 
+g'a,a(-----} --
clqm clqi clqi clqm clsk clsV 
(10) 
For each value of kin equation (10) there is a sum on a, ~. y, i, and m. 
The result of the substitution is the following set of performance equa-
tions: 
: [Ra+ (La+ Ma)p]st1 - V! MaPSt2 -6MaPSta+ 
~ M p St4 = ei - .!_(e2 + ea) (11) 
2 2 
-V: Ma P St1 + ! [Ra + (La + Ma)P }t2 - y3 Ma P Sta+ 
9 3 
- Mp St5 = -(e2 - ea) 
2 2 
(12) 
- 6 Ma P St1 - y3 Ma P St2 + 3 [Ra + (La - 2Ma)P J Sta = 
(13) 
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3 ) 4 9 M i 
- - (Lb + Mb flt S t - - ()t St = 0 
2 2 
(15) 
(Rr + jr p) Ot = e1 (16) 
These equations represent the steady-state and transient performance 
of a three-phase induction motor; they are somewhat similar to those 
obtained by Stanley2 who used a non-tensor type of transformation. These 
equations may be given a non-Riemannian geometrical interpretation. 
1STANLEY, H. C. An analysis of the induction motor. Trans. A.IE.E. Vol. 57, 
supplement. 1938. 
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Commercial gel-type zeolites are produced by dehydrating an alka-
line aluminosilicate gel by one of the following three methods: (1) drying; 
(2) filter pressing and drying; and (3) freezing, thawing, and then dry-
ing. After the gel has been dehydrated to the desired moisture content, 
it is washed, screened, the oversized particles crushed and rescreened, 
and all the fines discarded. In order to eliminate several of these opera-
tions and to decrease the magnitude of the others, a method of dehydration 
by means of hydraulic pressure has been developed. The process is 
believed to give a product with desirable properties, and to effect 
economies in production. 
Properties of zeolites, such as chemical composition, exchange ca-
pacity, particle size, resistance to abrasion, and resistance to decrepitation, 
are more or less closely related to one another and to the particular 
method of manufacture. Because the greater percentage of the siliceous 
base-exchange substances currently marketed have a Si02 : Al203 ratio of 
5 : 1, this ratio was employed in order to have a product whose chemical 
composition would be readily accepted. 
The zeolite gels were prepared by mixing a dilute solution of sodium 
aluminate with an equal volume of a dilute solution of sodium silicate. 
An Ab03 concentration of 0.12 gram mol per liter was adopted because 
at higher concentrations the resulting solution gelled so rapidly that good 
mixing-essential for high exchange capacity-was impossible. This 
maximum concentration of reactants was employed not only because it 
increased the yield of product per unit of volume of gel handled, but also 
because its use produced the gel which had the best structure and the one 
which could be most easily dehydrated by hydraulic pressure. The gel 
was formed in a thin sheet on a filter cloth. Layers of gel separated by 
filter cloth were stacked one above the other. An extra cloth was 
placed over the top layer of gel. By carefully controlling the rate at which 
the pressure was increased, practically no gel was lost at the open sides 
when the dimensions of the filter cloths were such that they provided a 
1-inch border around the respective layers of gel which they separated. 
The exchange capacity of pressed, but undried, zeolites increased with 
the pressure up to 6,500 pounds per square inch. The capacity of pressed 
zeolite dried to a 50 per cent moisture content was not influenced by the 
hydraulic pressure employed, and was equal in capacity to pressed but 
undried zeolites subjected to a pressure greater than 6,500 pounds per 
1 Original thesis submitted July 13, 1940. Doctoral thesis number 575. 
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square inch. The durability and strength of all pressed zeolites were 
increased to such an extent that it was desirable to dry the pressure-
dehydrated zeolite to a 50 per cent moisture content. The amount of 
water removed by drying was less than 10 per cent of the total moisture 
removed from the original gel. 
The filtrate, which constituted more than 90 per cent of the moisture 
removed from the gel, contained unreacted sodium aluminate and sodium 
silicate. However, it was not feasible to re-use this mother liquor in pre-
paring the dilute solutions of sodium aluminate and sodium silicate from 
the commercial materials, because its use caused a decrease in the 
Si02 : Al20 3 ratio in the product, a decrease in the gel structure, a de-
crease in the strength of the resulting zeolite, and an increase in the con-
centration of the reactants in the filtrate. The concentration of the react-
ants in the filtrate depended upon the length of time that the gel was 
aged before it was subjected to dehydration by hydraulic pressure. In 
the following table are recorded the concentrations of the reactants in 
the filtrate when a gel containing 0.12 gram mols of Ab03 and 0.60 gram 
mols of Si02 per liter was dehydrated after it had been aged various 
lengths of time. 
Time (minutes) 5 8 20 40 43 
Si02 (g. Mol/l) 0.013 0.0076 0.011 0.032 0.037 
Al,o. (g. Mol/1) ..... . 0.013 0.0103 0.006 0.0014 0.001 
With the delivery price of sodium aluminate at $0.065 per pound, 
and that of sodium silicate at $0.009 per pound, the optimum time of aging 
was found to be 31 minutes. The zeolite produced from a gel of the above 
composition after the gel has been aged 31 minutes had a Si02 : Al20 3 
ratio of 4.9 : 1. In order to operate with the minimum loss in the filtrate 
and still produce a zeolite with a Si02: Al20 3 ratio slightly greater than 
5 : 1, the ratio of Si02 : Al20 3 in the gel was increased from 5 : 1 to 5.2 : 1. 
It was observed that the particle size of the pressed zeolite could 
be closely controlled by the solid content per unit area of the sheet of 
pressed gel. With the composition of the gel fixed, the solids per unit 
area varied directly with the thickness of the gel. Although the pressed 
mineral, after drying, could be removed from the filter cloth by means 
of a brush, this method was tedious and had a tendency to increase the 
percentage of "fines," material passing a fifty mesh screen. By incor-
porating a metallic screen into each layer of gel, the pressed zeolite 
could be easily removed from the cloths. By drying the pressed zeolite 
to a 50 per cent moisture content, the zeolite could be removed simply 
by vibrating the screen. A mineral of exceptionally uniform size was 
obtained entirely free of over-sized particles and containing less than 3 
per cent "fines." By varying the thickness of the gel, a marketable min-
eral of any desired average particle size could be obtained directly with-
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out resorting to any method of removing the over-sized or under-sized 
particles or crushing the over-sized particles. 
Because the pressed sheets of gel were approximately 1 millimeter 
in thickness, the partially dehydrated gel could be dried quite rapidly 
under ordinary drying conditions. It was found that the conditions of 
drying, as well as the extent of drying, very markedly influenced the 
exchange capacity of the resulting zeolite, and that only by carefully 
controlling the conditions under which the pressed gels were dried could 
minerals of high exchange capacity be obtained. It was observed that the 
rate of drying during the initial stages could be quite rapid but that the 
latter stages of drying had to be performed more slowly. Zeolites obtained 
from pressed gels which were properly dried had exchange capacities of 
11,000 grains per cubic foot as compared to 9,000 grains per cubic foot of 
two of the better known commercial zeolites of the same chemical com-
position and grain size, and as compared to 1,000 to 4,000 grains per 
cubic foot of zeolites obtained from pressed zeolites which were dried too 
rapidly. It is thought that the difference in exchange capacity between 
commercial zeolites and pressed zeolites was caused only partially by 
the more careful processing which was possible because of the batch 
sizes employed. A portion of the difference in exchange capacity was 
caused presumably by first dehydrating the gel by hydraulic pressure 
before drying. 
Even though it is known that ionic exchange is a surface phenomenon, 
and, as a result, the exchange capacity is almost directly proportional to 
the surface exposed, the above assumption appeared more valid when it 
was observed that pressed zeolites were approximately 8.2 per cent more 
dense than commercial zeolites. This greater density is a disadvantage 
in that the chemical costs would be greater for pressed zeolites than for 
present commercial zeolites. Also, the freight costs per cubic foot of 
zeolite would be greater. These disadvantages are compensated by the 
increase in the amount of alumino-silicate per unit volume which is avail-
able to resist the dissolving action of the water, as well as by any in-
crease in exchange capacity which can be attributed to the increased 
density of the pressed zeolites. 
After the pressed zeolites had been immersed in water, they were 
found to be extremely resistant to decrepitation. Because of the large 
number of fissures that occurred in the sheet of pressed gel during dry-
ing, and because handling during the latter stages of processing was in-
sufficient to completely sever the existing factures, an apparently large 
degree of decrepitation occurred the first time the pressed zeolites were 
wetted. However, repeated drying and wetting of the pressed zeolite 
produced only limited additional decrepitation. It was observed that the 
apparently large initial decrepitation could be almost entirely eliminated 
by drying the pressed gel in two stages. In the first stage, the pressed 
gel was dried sufficiently to permit the removal of the mineral from the 
screens. In the second stage, the partially dried zeolite, each particle of 
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which was then free to contract in all directions, was dried to the de-
sired moisture content of 50 per cent. Two-stage drying decreased the 
apparent decrepitation, and as a result increased the average particle size 
of the product. 
The hydraulic pressure method of manufacture had one other ad-
vantage, namely: washing the excess alkalinity from the product was 
simplified in that a large portion of the excess caustic already had been 
removed in the filtrate. In addition, the pressed gel was obtained in a 
thin but rather rigid sheet which could be readily and economically 
washed before it was dried. 
During the study on the properties and characteristics of pressed 
zeolites, no new uses were developed for siliceous zeolites. However, 
three new uses which were applicable to carbonaceous exchange sub-
stances were developed. The most promising use was the removal of 
fluorine from natural fluoride-bearing water by dual ionic exchange. 
The water was filtered through a bed of Zeo-Karb, a commercial car-
bonaceous zeolite furnished by the courtesy of the Permutit Co. The 
Zeo-Karb was operated in the hydrogen cycle so that during the filtering 
operation nearly all of the cations were replaced by hydrogen ions with 
the formation of the corresponding acids. This acid effluent was then 
filtered through a bed of Nalcite B, a commercial anionic exchange sub-
stance furnished by courtesy of the National Aluminate Corp. The Nalcite 
B was operated in the basic cycle so that during the filtering operation 
the anions were replaced by hydroxyl ions with the formation of water. 
The reactions involved may be represented as follows: 
H2Ze + 2NaF = Na2Ze + 2HF 
R 3NHOH + HF= R3NHF + H20 
When the carbonaceous zeolite was exhausted it was regenerated 
by means of a 2 to 5 per cent acid solution. 
Na2Ze +H2S04 =H2Ze + Na2S04 
The anionic exchange material was regenerated by means of a 0.5 
per cent caustic solution. 
R 3NHF + NaOH = R 3NHOH + NaCF 
By the above dual ionic exchange process, the fluorine content of a 
natural fluoride-bearing water was reduced from 9 to less than 2 p.p.m. 
By subjecting this effluent containing less than 2 p.p.m. of fluorine to the 
same treatment, the fluorine concentration was reduced to 0.25 p .p.m. 
The extraction of casein from milk by means of a hydrogen zeolite 
was partially developed. Fat-free milk was filtered through Zeo-Karb, 
operated in the hydrogen cycle in order to remove the various ash-
forming cations and substitute hydrogen ions in their place. Even when 
the milk was diluted with 20 volumes of water and cooled to 2° C., 
most of the casein precipitated upon the particles of Zeo-Karb. The 
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Zeo-Karb was regenerated by treating a known volume of the material 
with 20 volumes of 5 per cent hydrochloric acid. The regenerated mate-
rial was then washed with distilled water until the effluent was free from 
chloride ions before it was used to extract casein from milk. 
Dilute caustic solutions were prepared from sodium chloride and 
lime by means of Nalcite A, a carbonaceous base-exchange substance 
furnished by courtesy of the National Aluminate Corp. A saturated 
lime solution was filtered through a bed of Nalcite B which had previ-
ously been regenerated with a solution of sodium chloride. Because of 
the effect of temperature upon the solubility of lime, the normality of the 
effluent varied between 0.027 and 0.03. The neutralized effluent gave a 
zero test for hardness when treated with a standard soap solution. 
UNSYMMETRICAL ORGANOLEAD COMPOUNDS1 
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This research was undertaken to develop methods for the prepar-
ation of unsymmetrical organolead compounds of increased water 
solubility. It is believed that such compounds may be of value in cancer 
therapy. A method investigated was the reaction of organolead-metal 
compounds with organic halides2• 
R3PbM' + R'X ~ R3PbR' + M'X [I] 
Investigations were also carried out to develop an improved pro-
cedure for the preparation of the organolead-metal compounds. 
R4Pb + 2M' + NH3 ~ R3PbM' + RH + M'NH2 [II] 
A third part of the problem was concerned with the arrangement 
of organic groups in a series according to their ease of cleavage from 
unsymmetrical organolead compounds. 
This investigation showed that the cleavage of groups from an 
organolead compound [equation II] was a general reaction and was 
not restricted to certain groups. The following groups were cleaved 
from appropriate organolead compounds: methyl, ethyl, n-butyl, s-butyl, 
allyl, benzyl, phenyl, and p-dimethylaminophenyl. 
The direct cleavage of organolead compounds by sodium was devel-
oped to the stage where it is now the best method available for the 
preparation of both triphenyllead-sodium and triethyllead-sodium. The 
formation of sodamide in this method is somewhat of a disadvantage. 
However, this disadvantage is not serious, because the solution of 
organolead-sodium compound can be filtered to remove the insoluble 
sodamide. The sodamide can also be destroyed by the addition of 
ammonium bromide, and the triphenyllead-sodium is not affected as long 
as an excess of ammonium bromide is avoided. However, when ammon-
ium bromide was added to a mixture of triethyllead-sodium and sod-
amide, an appreciable amount of the triethyllead-sodium was destroyed, 
even though an excess of ammonium bromide was not used. Often it 
is not necessary to destroy the sodamide. For example, if the solution 
of organolead-sodium compound is to be used to prepare an unsym-
metrical organolead compound [equation I ] , interference by sodamide 
may be avoided by the addition of at least two equivalents of the 
organic halide. 
1 Original thesis submitted June, 1941. Doctoral thesis number 624. 
• Gilman and Bailie, J . Am. Chem. Soc., 61, 731 (1939) . 
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The preparation of the first unsymmetrical organolead-sodium com-
pounds is reported in this paper. These compounds were formed by 
the cleavage of unsymmetrical organolead compounds by sodium. For 
example, diethylphenyllead-sodium was prepared by the cleavage of 
triethylphenyllead by sodium in liquid ammonia. These unsymmetrical 
organolead-sodium compounds reacted normally with alkyl halides. 
However, if one of the groups was either an allyl or benzyl group, the 
organolead-sodium compound appeared to be unstable even at - 70°. 
The cleavage of organolead compounds by sodium in liquid ammonia 
was quite rapid, but the speed of the reaction was markedly influenced 
by changing the solvent. Tetraethyllead was cleaved immediately in a 
solvent consisting of a mixture of ether and liquid ammonia, but it was 
not cleaved before 14 minutes in liquid ammonia alone. On the other 
hand, tetraphenyllead was cleaved at about the same rate in liquid 
ammonia as in ether-liquid ammonia. Higher yields of both triphenyl-
lead-sodium and triethyllead-sodium were obtained in ether-liquid am-
monia than in liquid ammonia alone. Higher yields were also obtained 
in the more dilute solutions. 
The rate of cleavage of tetraphenyllead by sodium was decreased 
to a pronounced extent when the reaction mixture was cooled to - 70°. 
The rate of cleavage of tetraethyllead was not decreased appreciably 
at -70°, however. 
The order of decreasing ability of the metals to cleave tetraphenyl-
lead is K, Na> Li, Ca, Sr> Ba. However, calcium, lithium, and sodium 
cleaved tetraethyllead with approximately equal effectiveness. 
Several attempts to prepare diphenyllead-disodium by the direct 
cleavage of two phenyl groups from tetraphenyllead were unsuccessful. 
If the diphenyllead-disodium did form, it was produced in small amounts 
and was unstable under the condition$ of the experiment. However, 
diethyllead-disodium was prepared by the cleavage of two ethyl groups 
from tetraethyllead. An ether-liquid ammonia solution of sodium was 
used as the cleaving agent. 
Repeated attempts to prepare triphenyllead-metal compounds free of 
ammonia were unsuccessful. It was found that tetraethy llead was not 
cleaved by sodium in ether, and triphenylbenzyllead was not cleaved 
by sodium amalgam in ether. The binary mixture (Mg + Mgl2 ) did 
not cleave triphenylbenzyllead, but it did cause this lead compound to 
undergo a redistribution reaction. In these studies, it was observed that 
the presence of liquid ammonia was not essential for the production of 
triethyllead-sodium from tetraethyllead. When the liquid ammonia was 
replaced by a stream of ammonia gas, and ether was used as a solvent, 
the cleavage proceeded as usual but was more difficult to control than 
if the reaction was run in liquid ammonia-ether solvent. The cleavage 
did not take place, however, when either dimethylaniline or triethyl-
amine was used in place of ammonia. 
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The effect of various factors on the efficiency of the coupling re-
action [equation I] were tested. Steric hindrance caused by the organic 
groups either in the organolead-sodium compound or in the organic 
halide seemed to decrease the efficiency of the coupling reaction. Since 
triethyllead-sodium was more reactive than triphenyllead-sodium, more 
complete coupling was usually obtained when the organic halide was 
treated with triethyllead-sodium than when it was treated with tri-
pheny llead-sodium. In a study of the influence of a branched chain in 
the organic halide, it was found that triethyllead-sodium coupled com-
pletely with n-butyl bromide, more slowly and less completely with 
s-butyl bromide, and not at all with t-butyl bromide. 
The coupling reaction was tried with only one dihalide, ethylene 
dibromide. This compound did not couple with triphenyllead-sodium, 
but a good yield of hexaphenyldilead was produced. This method can 
be recommended as a convenient and rapid means for the preparation 
of hexaphenyldilead, although the yield was lower than that obtained 
by treatment of triphenyllead chloride with sodium in liquid ammonia. 
The extent of coupling was also influenced markedly by the nature of 
the organic group in the organic halide. In general, triphenyllead-sodium 
did not couple appreciably with aryl halides. However, it coupled well 
with the aliphatic halides if a large excess of the halide were present, 
and it coupled satisfactorily with the more reactive organic halides like 
benzyl chloride if only a small excess of the halide were present. Tri-
ethyllead-sodium coupled well with both alkyl and aryl halides unless 
the halides were capable of undergoing dehydrohalogenation readily. 
Investigations were made on the competitive cleavage of various 
organic groups from unsymmetrical organolead compounds. The fol-
lowing series, based on the decreasing ease of cleavage of groups from 
organolead compounds by sodium, was obtained. 
allyl > benzyl > s-butyl > n-butyl >ethyl> 
methyl> phenyl> p-dimethylaminophenyl 
This series is almost the complete reverse of that obtained from numer-
ous similar studies formerly made on the cleavage of unsymmetrical 
organomercury compounds by hydrogen chloride and on the cleavage 
of unsymmetrical organolead compounds by hydrogen halides, halogens, 
nitric acid, silver nitrate, thallium chloride, and mercuric chloride. 
Series of groups based on the ease of cleavage of organometallic 
compounds are of value in the prediction of relative reactivities. A 
reliable series is obtained only when each of the groups is cleaved by 
the same mechanism. It is believed that hydrogen halides cleave the 
allyl group by a mechanism different from that involved in the cleavage 
of other groups from organometallic compounds. Likewise it is believed 
that bromine cleaves the benzyl group by a mechanism different from 
that involved in the cleavage of other groups by bromine. However, 
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sodium appears to cleave all of the groups by the same mechanism; 
therefore, the sodium cleavage series is thought to be a more reliable 
comparison between the organic groups than either the bromine cleavage 
series or the hydrogen chloride cleavage series. 
For the identification of some of the products it was necessary to 
prepare three new organolead compounds. The physical properties of 
these new organolead compounds are: for diethyl-n-butylmethyllead, 
b.p. 67° (5 mm.), nn20 1.5125, and d420 1.5817; for diethylmethylphenyl-
lead, b.p. 132° (15 mm.) and d420 1.7025; and for diethyl-s-butylmethyl-
lead, b.p . 87° (10 mm.), nn20 1.5180, and d420 1.5892. 
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INTRODUCTION 
There is considerable evidence in the literature to the effect that 
starch does not consist simply of threadlike molecules of glucopyranose 
units joined by alpha-1,4 glucosidic links. 
The viscosity studies of Staudinger and Eilers (1) have indicated 
that starch, in contrast to cellulose, does not consist of long, threadlike 
molecules but possesses a relatively large molecular weight with a short 
chain length. Hirst and Young (2) have disaggregated viscous methyl 
starches by heating with oxalic acid in glycerol. The disaggregated de-
rivatives showed the same proportion of non-reducing end groups (2, 3, 
4, 6-tetramethyl glucose) as did the original starch, but the amount of 
dimethyl glucose which was equal to that of the tetramethyl glucose 
for the original viscous derivatives was now very small. These authors 
concluded that starch is built up of 30 glucose unit chains arranged in a 
branched-chain structure. Such a structure would require an amount 
of dimethyl glucose equivalent to that of the tetramethyl glucose to be 
isolated from the hydrolysis products of methyl starch. 
Starch has been fractionated into amylose and amylopectin by 
physical and chemical means. These fractions have different properties, 
but their proportion, even in one kind of starch, is uncertain. Beta-
amylase converts starch into 60 per cent of the theoretical amount of 
maltose and leaves 25 to 30 per cent of limit or residual dextrins, resist-
ant to the further action of the enzyme (3). The enzyme of Bacillus 
macerans digests starch to result in 15 to 25 per cent of crystalline dex-
trins which have been formulated as large rings containing five and six 
glucose units joined by alpha-1,4 linkages ( 4). 
EXPERIMENTAL 
This work reports a study of three methods of fractionating starch: 
electrodialysis, freezing, and enzyme digestion. In connection with electro-
dialysis, the phenomenon of retrogradation was investigated. A com-
parative study of the limit dextrins arising from ordinary cornstarch and 
from waxy cornstarch was made in an attempt to throw some light on 
the question of the heterogeneity of starch. 
This study has been primarily concerned with cornstarch. The red-
iodine-coloring starch from waxy corn was used for comparative pur-
poses throughout in the hope that some difference between the two would 
give a clue to the question of the heterogeneity of starch. 
1 Original thesis submitted August 19, 1940. Doctoral thesis number 594. 
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Fractionation of Starch by Electrodialysis. A method of determining 
the degree of fractionation of starch pastes by electrodialysis has been 
used which depends on the determination of the concentration of starch 
in the supernatant liquid after a single dialysis. The amount of soluble 
fraction is given by the product of this concentration and the total volume 
of paste used. With cornstarch paste heated at 100° C. and homogenized, 
fractionation resulted in 40 per cent of amylose and 60 per cent of amylo-
pectin. 
Increased temperature of preparing cornstarch pastes for electro-
dialysis resulted in increased amounts of the soluble fraction or amylose 
only insofar as it brought about greater disorganization of the starch 
granules. In the temperature range of 80° to 130° C. the soluble fraction 
increased from 14 per cent to 30 per cent. However, for cornstarch pastes 
in which the granules had been ruptured by homogenization the soluble 
fraction decreased from 40 per cent to 30 per cent over the temperature 
range of 100° to 130° C. 
The reducing values of the soluble and insoluble fractions of corn-
starch obtained by electrodialysis indicated that the insoluble fraction 
has a relatively greater average mole size than that of the soluble fraction. 
It was pointed out that reducing value has no significance as to molecular 
weight except for comparative purposes. The solutions of the so-called 
soluble fraction were quite cloudy indicating that this fraction is not truly 
soluble. In line with this observation, the conclusion was drawn that the 
degree of fractionation of cornstarch pastes by electrodialysis depends 
for the most part on the presence of polar groups, i. e., phosphoric and 
fatty acids. The effect of the temperature of preparing the pastes on the 
degree of fractionation was attributed to a change in the colloidal state 
of the starch at the higher temperatures. Waxy cornstarch cannot be 
separated by electrodialysis showing that it does not contain the insoluble 
fraction found in ordinary cornstarch by electrodialysis. Dry-ground 
cornstarch gave considerably more of the soluble fraction by electro-
dialysis (80 per cent) than did the original starch. This was due to the 
hydrolytic breakdown during grinding, as was shown by the increased 
reducing power of the ground starch. 
Fractionation of Starch by Freezing. The degree of fractionation of 
starch pastes by freezing was shown to vary with the kind of starch and 
the treatment of the starch before freezing. Cornstarch pastes gave about 
5 per cen.t soluble fraction. Its solutions were water-clear, and it had a 
relatively smaller average mole size than the original starch on the basis 
of reducing value. The amylose of cornstarch obtained by electrodialysis 
was recovered in 95 per cent yields by freezing, upholding the conclusion 
that it is not truly soluble. Waxy cornstarch pastes could not be fraction-
ated by freezing. A paste of dry-ground cornstarch, which had suffered 
considerable degradation as indicated by its reducing value, gave more 
of the soluble fraction (20 per cent) by freezing than did the original 
starch. The conclusion was drawn that fractionation of starch pastes by 
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freezing is more or less dependent on the distribution of mole sizes in the 
pastes, and the fractions have no particular relation with the fractions ob-
tained by electrodialysis. 
Retrogradation of Starch Pastes. Retrogradation of cornstarch paste 
was concluded to have little, if any, effect on its fractionation by electro-
dialysis. Under the conditions of time and temperature involved with 
electrodialysis, only slight aging would occur as measured by increased 
resistance to saliva digestion. The results of the aging experiments were 
in harmony with the view which pictures retrogradation as a gradual 
desolvation and consequent precipitation of the large, difficultly soluble 
molecules which are solvated at the temperatures of preparing the pastes. 
Pastes of waxy cornstarch and of dry-ground cornstarch did not retro-
grade, suggesting that their average mole sizes are small enough so that 
the process of desolvation does not produce appreciable quantities of 
insoluble material on standing at low temperatures. 
Fractionation of Starch by Digestion with Beta-Amylase. Fractiona-
tion of ordinary cornstarch and of waxy cornstarch by beta-amylase 
digestion to give rise to the residual or limit dextrins was carried out. 
The yields of the redigested dextrins amounted to from 30 to 40 per cent 
of the original starches; the waxy cornstarch dextrin was obtained in 
slightly greater yields (about 10 per cent) than was the ordinary corn-
starch dextrin. These dextrins characteristically showed resistance to 
further digestion by beta-amylase, low reducing power and retention of 
the ability to color with iodine. The ordinary cornstarch dextrin was 
heterogeneous as shown by its fractionation, by alcohol precipitation, by 
freezing, and by electrodialysis. It consisted of a soluble, red-iodine-
coloring fraction and of a difficultly soluble, blue-iodine-coloring frac-
tion. The waxy cornstarch dextrin consisted entirely of a soluble, red-
iodine-coloring material. 
Characterization of the Limit Dextrins. Characterization of repre-
sentative samples of the cornstarch dextrin and of the waxy cornstarch 
dextrin by measurements of reducing value, optical rotation, molecular 
weight of the acetate by the Rast camphor method and by Staudinger's 
viscosity method and measurement of oxidation with periodic acid re-
vealed no marked difference between these dextrins. However, on the 
basis of the differences in solubility and iodine colors, the view was 
adopted that the resistance to digestion by beta-amylase is due to some 
structural feature of these dextrins rather than to size or solubility. The 
groups responsible for impedence to beta-amylase action were considered 
to be concentrated in the limit dextrins. 
An estimated chain length of 67 glucose units was found for corn-
starch by hydrolysis of the methylated starch and estimation of the 
proportion of 2, 3, 4, 6-tetramethyl glucose resulting. This value is subject 
to the reservation that considerable error in the determination of such 
small amounts of tetramethyl glucose is probable. Hydrolysis of the com-
pletely methylated limit dextrin obtained from cornstarch resulted in an 
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amount of tetramethyl glucose corresponding to an estimated chain length 
of 9.5 glucose units. This must be erroneous if the dextrin does not consist 
of straight-chain molecules as is suggested by its resistance to further 
digestion by beta-amylase. On the same grounds, estimation of the reduc-
ing end groups and determination of molecular weight by viscosity meas-
urements would give false values. 
Failure to find evidence for any increase in the amount of dimethyl 
glucose from the methylated cornstarch limit dextrin over that from the 
methyl cornstarch leads to the conclusion that structures which might 
give rise to dimethyl glucose, i.e., branched chains, etc., are either absent 
or are ruptured in the process of methylation. 
Evidence that the limit dextrins do not consist of straight-chain 
molecules and that either one or both of the hydroxyl groups on carbons 
two and three of the glucose units are involved, was found from a study 
of the periodic acid oxidation of the limit dextrins. The rate of oxidation 
was shown to slow up when about 60 per cent of the theoretical amount 
of periodic acid was consumed. The theoretical value is based on the 
presumption of a glycol grouping on carbons two and three of all the 
glucose units. The dextrins oxidized with the theoretical quantity of 
periodic acid and recovered in nearly 100 per cent yields took up only 
60 to 70 per cent of the theoretical amount of hydrogen on catalytic re-
duction. This supports the conclusion that from 30 to 40 per cent of the 
glucose units in the limit dextrins do not have a free hydroxyl group on 
both carbons two and three. The fact that the oxidized dextrins can be 
precipitated with iodine suggests that it is the structures associated with 
these blocked glucoses which are responsible for the iodine coloration of 
the limit dextrins and of starch. The interesting possibility is suggested 
for further investigation that the crystalline Schardinger dextrins can 
be obtained from the limit dextrins in greater yields than from the starches. 
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ERRORS IN THE APPROXIMATIONS OF FUNCTIONS BY THE USE 
OF FUNCTIONALS1 
ROY HERBERT COOK 
From the Department of Mathematics, Iowa State College 
Received May 22, 1941 
The expansion of a function in terms of sets of linearly independent 
functions is one to which a great deal of consideration has been given. In 
the main, attention has been focused on: 1. Method of expansion; 2. Con-
vergence of the series obtained. Under 1, work has been done on the 
development of sets of linearly independent functions, and on the selection 
of sets of functionals to be used with these functions. Usually it is desir-
able that the set of functions and the set of functionals to be used with 
them form a biorthogonal sequence which is normalized to unity. Under 
2, results such as the following have been the goal: Given the infinite 
biorthogonal sequence { <l>i, Hi} where <l>i is a function and H 1 is a func-
tional both defined in a region (a, b) ; one may form a sequence of sums 
{Sk} for a function f (x) as follows: 
k 
Sk = ~ ct>i H1 f (x) , 
i=O 
and if f (x) is of a certain class, A, then 
lim sk = f(x) 
k~oo 
It is, of course, satisfying to know that each of a certain class of func-
tions can be represented by a convergent series of terms of the above 
type. On the other hand, one must content himself, in practice, with 
finite series. Thus the question of error or remainder arises. How well 
does the sum Sn represent f (x)? The present paper will discuss some 
aspects of this problem. 
Consider the biorthogonal sequence { cf>i. F 1} in terms of which any 
function, f (x) of a class A can be expanded so that 
n 
lim ~ cf>i Fi f (x) = f (x) (1) 
n~oo i= O 
Further, suppose that 
n-1 
f(x) = rn f (x) + ~ c/>1 Fi f(x) , (2) 
1= 0 
i.e. that a remainder operator, rn, is known. Consider also a sequence of 
1 Original thesis submitted December 10, 1940. Doctoral thesis number 599. 
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rk <I>k-1 = 0 ; (i= 1, 2, .... , k) . 
j 
<I>i = :S all 4'1 , (j = 0, 1, .... ,) 
i=O 
The set of equations 
j 
<I>i = l aJ1 c/>1 , (j = 0, 1, .... , k) , 
i=O 
can in general be solved for the cp's to give 
j 
<Pi = :S Auk <I>1 , (j = 0, 1, .... , k) , 
i=O 
where Auk is given by 
cofactor of att in the determinant la1il· 
la1il 
Let us now form a sequence of functionals, {G1k.}, as follows: 
k 
Then: 









Theorem 1.-The sequence of functions {cI>1}, (i=O, 1, .... , k) and the 
sequence of functionals {Gik}, (i=O, 1, .... , k) form a biorthogonal 
sequence. That is 
G,' •» = b,, = {: 
i =j. 
Proof: Operate on cI>1 with GJk 
k i 
G/ <I>1 = :S At/ Ft l a1s q,., 
t=o S=O 
in which (j = 0, 1, .... , k) and (i = 0, 1, .... , k). Then 
k i 
So 
Gl <I>1 = l l AtJk a1s Ft q,. 
t=o S=O 
i 
= ::S A tJk a1t , 
t=o 
Gik <I>1 = bi1 , (j = 0, 1, .... , k) , (i = 0, 1, .... , k) . 
(10) 
(11) 
We may now proceed to establish a remainder operator for biortho-
gonal sequence { <1>1 , G 1k} . In order to do this form the operator 
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n-1 n--1 1 k 
l ~1 G1k = l ~ l all As1k <f>i F., (n = 1, 2, .... , k + 1) , (12) 
1=0 1=0 j==O s==O 
n-1 1 n-1 
l ~ l all As1k .Pi F. 
1=0 j=O s==O 
n-1 i k 
+ l ~ ~ all A.1k .Pi F. , 
l=Oj=O = 
n-1 n-1 k 
l tf> 1 F 1 + l l ~I G1 k tf>s F s , 
1=0 i=O = 
n-1 n-1 
thus l t/>1 F1 + l ~I G1k rn . 
i=O i=O 
Hence the remainder operator for {~ 1 , G1k} is 
n-1 
(13) 
R,,k = rn - l ~I G1k rn , (n = 1, 2, .... , k + 1). (14) 
!=() 
The limiting case in which k is allowed to become infinite is perhaps the 
most interesting. We shall now consider this case. 
First consider the infinite biorthogonal sequence { ~1 , Hi} previously 
mentioned. Expand a function of class A in terms of this sequence, 
say f(x). 
00 
f(x) = l ~1 H1 f(x) . 
l=O 
(15) 
Now allow k to become infinite in equations (6) to (14) and operate on 
both sides of (15) with Gi 00 , and obtain 
(16) 
Thus a function of class A is represented by identically the same expan-
sion in terms of both {~ 1 , G 100 } and {~1 , H 1}. This implies that equa-
tion (14) may be written, fork infinite, as follows: 
n-1 
Rn00 = rn - l ~I Hi rn . 
l=O 
(17) 
Equation (17) provides a remainder operator in finite form. This 
simple form has been obtained in virtue of the restriction stated in equa-
tion (3). At first glance this restriction might seem to be rather severe; 
but on the contrary a large number of expansions can be dealt with by 
equation (17). For example if {tf>1}={xJi!} and {F1}={d/ dx I x=O} we 
may apply (17) to such systems as Legendre polynomials, etc. This is 
possible because the remainder operator is known for the {<f>1 , Fi} just 
mentioned (Maclaurin's expansion). 
THE ABSORPTION OF RADIANT ENERGY IN PLANTS1 
JACOB E. DINGER 
From the Department of Physics, Iowa State College 
Received June 10, 1941 
A number of workers have determined the reflection, transmission, 
and the absorption of visible radiation by leaves, but a similar study 
had not been given to the near infrared region of the spectrum. In 
this investigation a measurement was made of the reflection and trans-
. mission by leaves of radiation in the near infrared throughout the spec-
tral region between the wavelengths .7 microns and 2.6 microns. A 
determination of the scattering properties of the leaf was necessary 
in measuring the total transmission and reflection. A study of the ab-
sorption spectra in the visible region of extracts from the leaf was also 
made. 
A quartz spectrometer was used to obtain a monochromatic beam of 
radiation. The transmitted or reflected radiation was detected and 
measured by means of a Coblentz thermopile in connection with a high 
sensitivity, low resistance Leeds and Northrup galvanometer. The 
thermopile, galvanometer, and a low resistance were connected in series. 
A circuit parallel to the low resistance made it possible to pass a current 
through the low resistance in a direction such that the IR drop across 
the resistance opposed and could be made equal to the thermopile e.m.f. 
as indicated by a zero deflection of the galvanometer. This current, 
adjusted by variable rheostats and measured by a 50 milliampere range 
milliammeter included in the circuit, was taken as proportional to the 
radiation reaching the thermopile. Closing a switch opened an electro-
magnetic light shutter which permitted radiation to reach the thermo-
pile and simultaneously closed the circuit setting up the current in the 
thermopile circuit which produced the IR drop opposing the thermopile 
e.m.f.; in this way a null method of taking readings was achieved. A 
galvanometer deflection amplifier was used to determine very accurately 
the zero deflection of the galvanometer. A beam of light was reflected 
from the mirror of the galvanometer and focused on a right angle mirror 
placed between two phototubes. The light was in this way reflected on 
either one o,r both of the phototubes depending upon the position of 
the galvanometer mirror. The output of each phototube was amplified 
by a two-stage d.c. amplifier, and was imposed on a double target elec-
tric eye tube so that with equal intensities of light on the two phototubes, 
a symmetrical pattern was formed on the electric eye tube. A very 
slight deflection of the galvanometer caused a relative change in the 
light intensities reaching the phototubes which resulted in a change in 
1 Original thesis submitted June, 1941. Doctoral thesis number 629. 
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the electric eye tube pattern. This arrangement made it possible to 
detect a change of voltage of the order of 5 X 10-0 volts. 
The percentage transmission and reflection of the leaf was obtained 
by comparing the leaf transmission and reflection with that of bond 
paper which had very similar scattering properties. By choosing a 
grade of paper with scattering properties very similar to the leaf and 
having a known reflection and transmission factor, the ratio of the 
reading taken with a leaf to the reading taken with the paper multiplied 
by the reflection or transmission factor gave the total reflection or trans-
mission of the leaf. Readings were taken at intervals of .1 micron with a 
spectral purity of .1 micron or less. The reflection and transmission was 
relatively high in the region from .8 micron to 1.3 microns, there being 
approximately 15 per cent absorbed. The water bands at 1.5 microns and 
2.0 microns were very pronounced in the reflected as well as the trans-
mitted radiation, which indicated that a large portion of the reflected 
radiation was internally reflected. 
The absorption spectra of acetone-ether extract, acetone-petroleum 
ether extract, yellow pigments in ether, and saponified chlorophyll in 
water were obtained for a series of concentrations. Readings were 
taken throughout the visible region from .35 to .7 microns at intervals 
of .025 micron and with spectral purity of .020 microns. Beer's Law 
can be given by the expression I = 10 e-cf:Jd where 10, I, c, ~' and d are 
the incident radiation, transmitted radiation, concentration, absorption 
coefficient for unit thickness and concentration, and the thickness re-
spectively. It was found that Beer's Law is valid for the above solutions 
having concentrations less than .03 gm./liter, but for greater concentra-
tions there a very marked deviation in the regions of high absorp-
tion especially in the short wavelength end of the visible spectrum. 
By taking the difference between the absorption coefficients of the ace-
tone-ether extract, which contained the yellow pigments plus chloro-
phyll, and the yellow pigments in ether solution, the absorption spectra 
for the chlorophyll alone was obtained. 
No absorption was observed in the near infrared region from .75 
to 2.6 microns. 
MEAT IN NUTRITION. XVIII. GLYCOGEN IN MATERNAL AND 
FETAL LIVERS OF RATS FED A DIET CONTAINING DRIED 
AUTOCLAVED PORK MUSCLE1 
HELEN ELlzABETB FARRANKOP 
From the Department of Foods and Nutrition, fowa State College 
Received June 10, 1941 
The study to be reported is one in a series of investigations in progress 
in the Foods and Nutrition Laboratory of Iowa State College relating to 
the effect of feeding a diet containing pork muscle upon the reproductive 
performance of the albino rat. The experimental diet contained dried, 
canned pork muscle as its source of protein. Gestational failure and a so-
called "toxemia" of pregnancy are frequent occurrences in female rats 
reared upon this diet. Histological examinations and chemical analyses 
have shown that fatty infiltration and degeneration of the liver are charac-
teristic of the disease. It has been suggested that a reciprocal relationship 
exists between the amount of fat and glycogen in the liver. The present 
study was undertaken to test the hypothesis that a derangement of carbo-
hydrate metabolism may occur in the rats fed the pork diet. Animals 
reared upon the stock ration, a whole grain-casein diet designated as 
Steenbock V, served as controls. The experimental diet was called Pork I. 
The concentration of glycogen present in maternal and fetal livers was 
used as an index of the status of carbohydrate metabolism. 
In the first series of experiments, the content of glycogen in the livers 
of pregnant control rats was compared with that of virgins of the same age 
reared on the same diets. Subsequent to a 13-hour fast, all the animals 
were fed 4 gm. of the diet upon which they had been maintained. After 
7 hours, the rats were stunned by a blow on the head and the liver quickly 
removed for analysis. Pregnant animals were killed on the 21.5 day of 
gestation and virgins when they were approximately the same age as the 
gravid rats. The livers were dropped into tared tubes of potassium hy-
droxide. The quantity of glycogen was determined by the Good-Kramer 
modification of the Pfluger method. The Shaffer-Somogyi procedure for 
the analysis of glucose was used. 
Both the absolute and relative amounts of glycogen present in the 
livers of the pregnant control animals were significantly higher than those 
in the livers of the pregnant pork-fed group. The average percentage 
composition of glycogen was 3.18 for the controls, and 2.57 for the experi-
mental rats. 
In each group the relative concentration of glycogen was higher in the 
livers of virgins than in the livers of pregnant animals ( 4.08 vs. 2.57 per 
cent respectively in pork-fed rats and 3.58 vs. 3.18 per cent in the control 
1 Original thesis submitted June, 1941. Doctoral thesis number 633. 
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rats). In the virgins fed the Steenbock diet, the absolute amount of gly-
cogen was 213.1 mg. compared with 246.2 mg. in the livers of the pregnant 
animals. In the pork-fed virgins it was 231.7 mg., and in the pork-fed preg-
nant rats, 193.2 mg. In both groups, the livers of virgin animals were 
lighter than those of the pregnant rats, and the difference was highly 
significant. It appears, therefore, that the effect of pregnancy in rats is 
to lower the relative amount of glycogen present in the liver, and that 
this decrease is greater in the case of the animals fed the pork diet than 
in the animals reared on the stock ration. Pregnancy also results in an 
increase in the size of the liver. 
The pregnant rats reared on the pork ration were next sorted into 
two groups, composed of those with total resorptions and those with liv-
ing feti. Comparisons were made of absolute and relative amounts of 
glycogen in the livers of these two groups to determine whether the low-
ering of glycogen already noted in the pork-fed animals could be attrib-
uted to the frequent occurrence of total resorptions. It was found that 
total resorptions account for only a part of the fall in glycogen concen-
tration observed in the livers of the experimental animals maintained on 
the pork diet. Neither did the quality of the test meal influence gly-
cogen storage in the livers of the pregnant experimental rats. 
Fetal livers were removed from part of the pregnant rats belonging 
to the first two series. The relative amounts of glycogen in the fetal 
livers from the two gro~ps (6.10 vs. 5.92 per cent) did not differ signifi-
cantly, but the average weight of fetal livers per litter was significantly 
higher in the control rats (1.9994 gm.) than in the pork-fed rats (1.6505 
gm.). Thus, it seems that mothers reared on the stock diet were able to 
produce relatively more fetal hepatic tissue and to store more glycogen 
in the fetal livers than were the experimental rats. 
Females from the two groups were next matched according to the 
number of feti present in the uterus and the relative concentration of 
glycogen examined. In almost all cases, the control rat contained a higher 
percentage of maternal liver glycogen than did the pork-fed rat with the 
corresponding number of feti. In the control group the percentage of 
fetal glycogen increased as the number of feti decreased, but the concen-
tration of maternal glycogen remained fairly consistent. The evidence 
accumulated points to the conclusion that production of glycogen is 
definitely decreased in pregnancy by feeding the diet containing pork 
muscle. 
In the series of experiments, in which a standard quantity of glucose 
was administered by stomach tube after starvation, the data showed that 
there was no abnormality in intestinal absorption in the pork-fed rats, 
and that the glycogen stores of the livers were largely depleted during the 
13-hour starvation period. Neither could any difference be observed 
in the absolute and relative amount of glycogen found in the livers of the 
pregnant controls (45.3 mg. and 0.66 per cent) and in the livers of the 
pregnant experimental rats (46.8 mg. and 0.64 per cent) 4 hours after 
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the feeding of the glucose solution. In both groups, the livers of the vir-
gins were lighter than those of the pregnant animals, and contained a 
higher absolute and relative quantity of glycogen. In this series, as in 
the first, there was a greater quantity of glycogen in the liver of the virgin 
rats reared on the pork diet than in those of the virgin rats reared on the 
stock diet. Again, it may be concluded that pregnancy is associated with 
a decreased percentage of liver glycogen. Also, in the pork-fed rats there 
was a greater difference between the level of glycogen stored in the livers 
of virgin and pregnant animals than there was in the Steenbock-fed ani-
mals. 
A glycogen index was calculated for each rat in the third series by 
using the formula: 
glycogen (mg. per 100 gm. of hepatic tissue) 
mg. sugar absorbed per 100 gm. of body wt. 
Glycogen indices thus obtained again showed that pregnancy reduces the 
stores of glycogen and that no difference exists between experimental and 
control animals. 
Data pertaining to the fourth series consisting of pregnant pork-fed 
rats killed on the twenty-second day of gestation showed that no further 
breakdown of carbohydrate metabolism occurred on the last day of 
gestation in the experimental rats. 
The results of the determinations for the third and fourth series 
yielded little information as to the status of carbohydrate metabolism 
in the pregnant pork-fed animals because the values obtained for glyco-
gen so nearly approached the starvation level. In any further investiga-
tion of this problem, it is recommended that larger quantities of glucose 
be administered and that the absorption period be shortened, especially 
in working with pregnant animals. 
The two animals of the fifth series that exhibited typical "toxic" 
symptoms showed no liver glycogen. It is believed that the derangement 
of carbohydrate metabolism noted in all pregnant rats reared on the 
pork diet on the twenty-first day of pregnancy becomes acute whenever 
an eclamptic condition develops. 
AN ANALYSIS OF GROUP DIFFERENCES ARISING FROM A POIS-
SON DISTRIBUTION OF OBSERVATIONS OBTAINED 
FROM IRRADIATION EXPERIMENTS1 
HOLLY CLAIR FRYER 
From the Department of Mathematics, Iowa State College 
Received May 22, 1941 
It is well-known that the chromatin of germ-cells is subject to spon-
taneous alterations. These may involve large sections of the chromosomes 
or they may be localized about a particular gene. This latter type of 
change offers a means of investigating the nature and actions of the gene. 
Since any data collected on these gene changes are subject to both random 
and non-random variations, the statistical analysis becomes of major 
importance in any interpretation. 
After irradiation experiments had shown that changes in the chroma-
tin could be produced artificially, similar statistical problems arose in the 
analysis of such mutation data. 
When a set of observations is regarded as constituting a sample from 
a population of like data, the sampling distributions characteristic of this 
population must be considered. Irradiation data fit a binomial type of 




(n -r) ! r! 
where p =the probability of a mutation at a particular locus, 
r = the number of mutations observed at that locus, and 
n =the number of times that gene-locus was observed. 
Since particular mutations occur infrequently, the probabilities in-
volved in the distributions are quite small, usually lying within the range 
.001 < p < .05. For such small probabilities, the corresponding binomial 
distributions are not well-approximated by normal distributions, but are 
by appropriate Poisson distributions. Consequently, irradiation data are 
said to be distributed in a Poisson manner. 
The possible sources of non-random variation among irradiation data 
are suggested either by biological and physical theory or by the data 
themselves. One of the classical methods for measuring the randomness 
of the "residual" variation about the basic hypotheses adopted is the 
chi-square test. It is well-known that for sufficiently large expected 
values, x, the function 
1 Original thesis submitted July 15, 1940. Doctoral thesis number 576. 
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where x 1 = observed number in the ith class, 
~X1 
x = -- , 
Nn 
N = number of classes, and 
n = number of observations on each class, 
is distributed approximately as a Pearsonian Type III curve. The prob-
ability integrals of this curve are tabulated in the usual chi-square tables. 
We use these tables for convenience if we believe that they give close 
approximations to the exact chi-square probabilities. 
Until recently the closeness of this approximation was in doubt for 
expectations even so large as 10 or 15; but some research by Neyman and 
Pearson, Sukhatme, Cochran, and Hoel has shown that the agreement 
between the exact and the tabular probabilities is surprisingly good when 
expectations are as low as 2. 
Since much mutation data involves expected values less than 2, it was 
thought necessary to investigate the goodness of the Type III approxi-
mation for expectations lower than 2. For small numbers of observations, 
the exact distribution of chi-square can be obtained without difficulty. 
The exact probability associated with any chi-square in the set can then 
be obtained and compared with the corresponding tabular probability. 
This was done for a large number of samples with expectations ranging 
between 0.5 and 1.5, illustrated by irradiation data. It was found that the 
agreement between the two probabilities was entirely satisfactory for a 
test of significance when the exact probabilities were less than 0.100. This 
is the usual region of interest in such tests. 
Since Fisher is of the opinion that the likelihood function, L , is our 
best measure of the agreement between observation and expectation, the 
exact likelihood and the exact chi-square probabilities were compared for 
the same ranges of expectation mentioned above. It was found that in not 
over 10 per cent of the samples studied were the conclusions altered by 
using one test instead of the other. Thus chi-square derives added justifi-
cation from its agreement with L. 
New irradiation data were collected in the course of these investiga-
tions to furnish independent tests of, and illustrative material for, the 
problems of mutation in living things. Nineteen different loci on the first 
three chromosomes of Drosophila melanogaster were exposed to x-rays 
of three different wave-lengths and at two intensities. These new data 
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were analysed by the methods developed in this study and led to the fol-
lowing conclusions: (1) the data give no reason to doubt the following 
three hypotheses: (a) that mutation rate at a specific locus is directly 
proportional to the dosage of radiation applied, (b) that if the sets of 
genes used are representative of their respective chromosomes, the funda-
mental rates of mutation on the first three chromosomes of Drosophila 
melanogaster are the same, and (c) that for a particular gene and a fixed 
dosage, the wave-length of the x-rays does not affect the mutation rate; 
but (2) the hypothesis that the genes within the sets observed have the 
same basic mutation rate is inadequate to explain the variation observed 
when the "ct" locus is among those considered. This gene, when con-
trasted with the other eighteen, apparently has a higher rate of change. 
Other sets of data besides our own were analysed by the chi-square 
test as illustrations of methodology. From these tests the following con-
clusions were drawn: (1) there is little reason to believe that, for a fixed 
dosage, interruption of the irradiation affects the mutation rates; (2) 
there is no evidence in the data analysed to indicate that there are differ-
ent rates of reverse mutation among the genes observed; (3) high tem-
peratures may increase the lethal mutation rate if the male is the sex 
treated, but there is no evidence that keeping the female at high temper-
atures will produce mutations; and (4) there is no evidence in the data 
considered to indicate that different species of drosophila have basically 
different rates of lethal mutation. 
The analyses of the biological data within the scope of this study in 
conjunction with the mathematical examination of comparable chi-square 
distributions justify the extension of this method to tests of significance 
of irradiation data. 
THE POLAROGRAPHIC METHOD IN THE INVESTIGATION OF 
SEVERAL ACETOBACTER SUBOXYDANS FERMENTATION 
PRODUCTS1 
EAKm M. GLYMPH 
From the Department of Chemistry, Iowa State College 
Received June 10, 1941 
Acetobacter suboxydans is noted for its mild oxidative action upon 
polyhydric alcohols resulting, for the greater part, in a simple dehy-
drogenation of the alcohol to a ketone. Furthermore, the dehydrogenat-
ing action of this organism is highly specific for certain structural con-
figurations of the molecule attacked. 
In this thesis, the polarographic method has been employed in the 
investigation of a series of ketones formed by the action of Acetobacter 
suboxydans. The series included dihydroxyacetone, erythrulose, sor-
bose, tagatose, and a "ketose" produced from i-inositol. Dunning, Ful-
mer, Guymon, and Underkofler (3) have shown "ketose" to be princi-
pally a diketo-i-inositol.. The dehydrogenation of d-talitol to form 
tagatose by the action of Acetobacter suboxydans has not been reported, 
probably because of the scarcity of d-talitol. However, since this poly-
hydric alcohol has the proper configuration for fermentation, the appear-
.ance of tagatose in the above series is justifiable. The reductions 
performed at the dropping mercury cathode were essentially the reverse 
processes of those performed by the organism in vivo. 
The current-voltage data were obtained by the manual method. 
The current was determined by measuring the IR drop across a standard 
resistance and applying Ohm's law. The half-wave potentials for the 
reductions of the compounds in 0.1 M lithium chloride, referred to the 
saturated calomel half-cell and arranged in order of increasing negative 
potential, are as follows: "ketose", -1.55 ·volts; dihydroxyacetone, 
-1.59 volts; erythrulose, -1.60 volts (a second small "wave" was 
observed between -1.80 and -1.90 volts); sorbose, -1.81 volts; and 
tagatose, -1.81 volts. The half-wave potential of sorbose agrees favor-
ably with the value found by Heyrovsky and Smolef (1). Considering 
the compounds investigated in this work along with other compounds 
formed by the action of Acetobacter suboxydans which have been in-
vestigated polarographically (such as fructose, galactose, acetaldehyde, 
propionaldehyde, acetone, hydroxyacetone, acetylmethylcarbinol, and 
diacetyl), there appears to be no direct relationship between the polar-
ographic half-wave potential of the compound and the ability of the 
organism to form the compound from the corresponding alcohol. 
If the above-listed polarographic half-wave potentials have any 
1 Original thesis submitted June, 1941. Doctoral thesis number 619. 
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thermodynamic significance, then "ketose," the oxidant of a more posi-
tive system, should oxidize sorbitol, the reductant of a less positive 
system, provided a suitable catalyst is present. Palladium black and a 
bacterial juice prepared from Acetobacter suboxydans were employed 
in an attempt to equilibrate the reaction between "ketose" and sorbitol. 
Neither substance showed catalytic activity. The bacterial juice also 
was used as a "potential mediator" in the reduction of dihydroxyacetone, 
but no appreciable effect on the half-wave potential was observed. 
However, it is suggested that the polarographic method may be em-
ployed successfully in certain enzyme-catalyzed equilibrium studies. 
The effect of pH on the half-wave potentials of dihydroxyacetone, 
sorbose, and "ketose" has been found to be less than expected from 
theoretical considerations. The reductions are irreversible, although in 
the case of "ketose" there might exist a reversible step, the nature of 
which is at present unknown. The E0 for the sorbose-sorbitol system 
calculated from thermal data does not agree wtih the half-wave poten-
tial for the reduction of sor hose (calculated for pH = 0) . The calcula-
tion of this E0 was based on some reasonable assumptions. Evidence 
that the equation of the polarographic "wave" does not hold in the 
reduction of sorbose and "ketose" is given by the fact that the straight 
lines obtained by plotting E 0 against log (I/ Ia - l) do not have slopes 
equal to 2.303 (RT / nF). The slope in the case of sorbose was 0.142 
while that for "ketose" was 0.083 as compared to theoretical values of 
0.0295 and 0.0148 respectively. 
The diffusion currents observed for the different compounds studied 
have been found to be less than those calculated by use of the Ilkovic 
equation (Ilkovic, 2) except in the case of erythrulose. The reductions 
of erythrulose were carried out in diluted fermentation liquors instead 
of in pure solutions; therefore, the data are probably less accurate. 
Explanations for the above-mentioned discrepancies have been pre-
sented based on the existence of isomeric forms of the compounds in 
solution. Heyrovsky and Smolef (1) previously have attributed the 
failure of certain sugars to be reduced completely at the dropping 
mercury cathode to the existence of difficultly reducible isomeric forms. 
In buffered basic solutions (borate and carbonate buffers at a pH 
of about 10) the diffusion current of dihydroxyacetone has been ob-
served to decrease with time. After standing for a period of less than 
a day out of contact with air, this compound showed no reduction 
"wave." This phenomenon was possibly due to conversion of the easily 
reducible keto form of dihydroxyacetone to the more difficultly reducible 
enol form. Supporting evidence that the enol form of dihydroxyacetone 
is a difficultly reducible form is given by the fact that ascorbic acid, 
a compound having a double-bond structure very similar to that in the 
enol form of dihydroxyacetone, is not reducible at the dropping mer-
cury cathode. The diffusion current of "ketose" also has been observed 
to decrease with time when the compound is present in strongly basic 
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solutions. Furthermore, "ketose" developed a bright yellow color after 
standing several hours in a carbonate-bicarbonate buffer (pH=9.8). 
The yellow color disappeared immediately when the solution came in 
contact with air, and a reduction "wave" was no longer observed. 
"Ketose" has been found not to give two separate reduction "waves" 
as is characteristic of several diketones; however, the reduction "wave" 
for two ketonic groups could easily overlap. At equimolar concentra-
tions the diffusion current for "ketose" was approximately twice as 
great as that for sorbose, which might possibly indicate a diketone in 
the former case. 
The reduction of "ketose" in 0.1 M potassium chloride gives a steep 
maximum on the current-voltage curve. This "ketose" maxmium was 
also observed in several of the buffers used but not in 0.1 M lithium 
chloride. 
The diffusion currents for sorbose and "ketose" have been shown 
to be strictly proportional to the concentration of these compounds. 
Furthermore, "ketose" and sorbose may be analyzed quantitatively in 
the same solution. Dihydroxyacetone, erythrulose, and "ketose" may be 
detected in diluted fermentation liquors without the removal of proteins. 
The use of the polarographic method in following the course of forma-
tion of reducible materials in a fermentation has been demonstrated. 
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MINERAL ACIDS AND MOLD AMYLASE AS SACCHARIFYING 
AGENTS FOR PRODUCTION OF FERMENTABLE 
SUGARS FROM STARCH1 
KENNETH JUSTIN GOERING 
From the Department of Chemistry, Iowa State College 
Received June 10, 1941 
INTRODUCTION 
Before corn or any other starchy material can be fermented by 
yeast, the starch must be converted into fermentable sugars. This pro-
cess is called saccharification. In the conventional process malt is used 
for this purpose. Since malt is rather expensive, a cheaper method of 
saccharification is desirable if corn is to compete with molasses for 
ethanol production. The following investigation was undertaken with 
this purpose in mind. 
METHODS 
Various mineral acids at different concentrations were used for the 
conversion of corn meal and cornstarch into fermentable sugars. The 
influence of mash concentration, time of heating, and steam pressure 
used were studied. After finding the optimum conditions for corn-
starch, the same conditions were used for the saccharification of cassava 
starch. The use of a mold amylase preparation, produced by growing a 
strain of Aspergillus oryzae on wheat bran, both alone and in conjunc-
tion with acid hydrolysis was also investigated. The efficiency of the 
saccharification was determined by fermenting the mashes with yeast. 
The ethanol content was determined in each case, when the fermentation 
was complete, by distilling the fermented mash and collecting the first 
100 ml. of distillate. The specific gravity (25° /25°) of the distillate was 
measured and the ethanol content read from a table. The ethanol yields 
obtained were calculated as percentage of that theoretically obtainable 
from the starch originally present. 
RESULTS 
Acid saccharification of corn meal using 0.10 normal hydrochloric 
acid and a steam pressure of 30 pounds for 3 hours produced an ethanol 
yield of 74.8 per cent of theoretical, which was equivalent to that obtained 
by the conventional process using 10 per cent malt. In general, higher 
steam pressures and shorter periods of heating produced the greatest 
concentration of fermentable sugars when com meal was hydrolyzed by 
acid. 
Cornstarch was found to be a better substrate than corn meal for the 
1 Original thesis submitted June, 1941. Doctoral thesis number 610. 
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production of ethanol. The yields of ethanol from corn meal and corn-
starch hydrolyzed with 0.10 normal sulfuric acid and fermented under 
the same conditions were respectively 68.6 and 88.3 per cent of theoreti-
cal. The lower yields obtained from corn meal were found due to the 
presence of corn bran, which when hydrolyzed apparently produced 
something toxic to yeast. 
Cornstarch was found to be readily saccharified by dilute mineral 
acids. The yield of ethanol reached 100 per cent of theoretical when 7.5 
per cent starch mashes were hydrolyzed with 0.02 normal sulfuric acid 
at a steam pressure of 25 pounds for 4 hours. The ethanol yield obtained 
from acid-saccharified cornstarch was a function of mash concentration, 
acid concentration, kind of acid employed, steam pressure, and time of 
hydrolysis. 
Cassava starch was found to be more difficult to saccharify than 
corn starch. When a 10 per cent cassava mash was hydrolyzed for 4 
hours at 20 pounds steam pressure with 0.20 normal sulfuric acid, the 
ethanol yield obtained was 82.1 per cent of theoretical. 
The addition of small amounts of mold-bran greatly increased the 
yield of ethanol obtained from starch mashes partially saccharified by 
dilute mineral acids. The addition of 4 per cent mold-bran to 7.5 per cent 
starch mashes saccharified with 0.05 normal sulfuric acid at a steam 
pressure of 15 pounds for 4 hours increased the ethanol yield from 89.4 
to 96.0 per cent of theoretical. When 16 per cent mashes were hydrolyzed 
under similar conditions, the addition of 4 per cent mold-bran increased 
the ethanol yield from 78.9 to 87.8 per cent of theoretical. The addition 
of larger amounts of mold-bran to either 7.5 or 16 per cent mashes did 
not increase the ethanol yield obtained to any appreciable extent. The 
addition of malt to acid-saccharified mashes did not increase the ethanol 
yield obtained. Mold-bran produced higher yields of ethanol from 
cornstarch than it did from corn meal. At the optimum concentration of 
15 per cent mold-bran, an ethanol yield of 92.2 per cent theoretical was 
obtained from 16 per cent starch mashes. The use of 6 per cent mold-
bran produced an ethanol yield of 86.7 per cent of theoretical. Corn-
starch also proved to be a better substrate than corn meal for the produc-
tion of ethanol when mold-bran was used for saccharification. The yields 
of ethanol from corn meal and cornstarch saccharified with 10 per cent 
mold-bran were, respectively, 79.8 and 88.5 per cent of theoretical. 
Acid saccharification under optimum conditions, 4 per cent mold-
bran in conjunction with acid, and 8 per cent mold-bran alone produced 
ethanol yields of 86.3, 87.8, and 87.2 per cent of theoretical, respectively, 
when used on 16 per cent starch mashes. Therefore, any one of the three 
methods may be considered satisfactory. On 7.5 per cent starch mashes, 
acid saccharification is the most satisfactory of these three methods. 
EFFECTS OF pH AND OF VARIOUS CONCENTRATIONS OF SO-
DIUM, POTASSIUM, AND CALCIUM CHLORIDE ON MOTILITY 
OF THE ISOLATED CROP OF PERIPLANETA AMERICANA1 
JAMES T. GRIFFITHS, JR. 
From the Department of Zoology and Entomology, Iowa State Co.ZZege 
Received June 10, 1941 
In order to determine an optimum salt mixture which would serve as 
a suitable environment for excised tissue from the cockroach, Periplaneta 
americana L., investigations were conducted which used the isolated 
crop of the American roach as the test tissue. A method for removing 
the foregut and for recording its muscular activity was described, and 
the latter was diagrammed. An activity product (average amplitude in 
centimeters multiplied by the longevity of the tissue in hours) was used 
as a criterion of the adequacy of a given solution. Five crops from males 
and five from females were tested in each solution. Sodium chloride, 
calcium chloride, potassium chloride, sodium bicarbonate, and sodium 
dihydrogen phosphate were the inorganic constituents of the various 
solutions. Eighty-three different mixtures were tried. 
The literature concerned with the use of physiological solutions as 
media for the study of isolated insect tissues was reviewed. A brief dis-
cussion of the effects of changing the concentrations of either sodium, 
calcium, or potassium was included. 
In order to establish a base for further experimentation, the first 
solutions which were tested contained 1.0 per cent sodium chloride, 0.02 
per cent sodium bicarbonate, varying amounts of potassium chloride (0.0, 
0.2, 0.4, 0.6, and 0.8 gram per liter of solution) and calcium chloride (0.0, 
0.2, 0.4, 0.6, and 0.8 gram per liter). These 25 mixtures had pH values 
between 7.5 and 8.0. It was found that seven potassium chloride/ calcium 
chloride ratios at the 1.0 per cent sodium chloride level produced decided-
ly superior records. These ratios were 0.2/ 0.2, 0.4/ 0.4, 0.6/ 0.6, 0.8/ 0.8, 
0.2/ 0.4, 0.4/ 0.6, and 0.6/ 0.8, expressed as gram of potassium chloride to 
gram of calcium chloride per liter. The seven solutions with the selected 
ratios had average activity products which varied between 0.390 and 
0.549. The remaining 18 mixtures have average activity products which 
were less than 0.310 in every instance. Thus, it was evident that these 
seven selected ratios were considerably better than the others which were 
tested. The selected ratios were within the range of 0.5 to 1.0. 
It was demonstrated that potassium in the absence of calcium 
caused an immediate loss of tone and arrest in relaxation. Likewise, 
in more than 50 per cent of the cases, calcium in the absence of potas-
sium caused an initial tone increase and arrest in rigor. 
'Original thesis submitted June, 1941. Doctoral thesis number 615. 
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Several sodium chloride concentrations (12.0, 13.0, 14.0, 15.0, 16.0, 
17.0, and 18.0 grams per liter of solution} were tested with the seven 
selected potassium chloride/ calcium chloride ratios. This was done in 
order to ascertain the effect of increased sodium and also to determine 
an optimum sodium chloride concentration. The pH of these 49 mix-
tures was maintained between 7.5 and 8.0 by the addition of 0.2 grams 
of sodium bicarbonate per liter. The average activity products of the 
eight sodium chloride levels could be compared. Thus, it was found 
that there was essentially no difference in activity between the 1.0, 
the 1.2, and the 1.3 per cent levels. The average activity products for 
the 1.4 per cent sodium chloride mixtures showed a very marked in-
crease·. At this level, the highest average activity product, 0.795, was 
obtained. High activity products were also produced in the 1.5 and 
1.6 per cent levels. The average activity products were considerably 
decreased in 1. 7 per cent sodium chloride and were further decreased 
in 1.8 per cent. It seemed that 1.4 per cent sodium chloride offered an 
optimum condition for the activity of the isolated foregut of the Ameri-
can roach. Apparently, the crop could accommodate itself to large 
shifts in the sodium chloride concentration and, also, to considerable 
change in the osmotic pressure. 
The optimum ratio of potassium chloride/ calcium chloride could 
be determined by examination of the results from this last series of 
experiments. The ratios which were less than one produced greater 
average activity products than those which were equal to one. In 
addition, as the actual amounts of potassium and calcium were in-
creased, the activity of the crops was decreased. Thus, better activity 
was obtained in a ratio of 0.02 per cent/ 0.02 per cent than in a ratio 
of 0.08 per cent/ 0.08 per cent; similarly, better activity was obtained in 
a ratio of 0.02 per cent/ 0.04 per cent than in one of 0.06 per cent/ 0.08 
per cent. The optimum potassium chloride/ calcium chloride ratio was 
0.2/ 0.4 gram per liter. 
In 1915, Glaser had stated that the pH of the hemolymph of the 
American roach was 7.5 to 8.0. All of the test solutions were made 
up within this pH range. Later, values of 6.8 and 8.9 were also used in 
order to study the effect of a shift in pH. Four mixtures were tried at 
each pH value. These solutions contained 1.4 per cent sodium chloride 
and potassium chloride/ calcium chloride ratios of 0.2/ 0.2, 0.4/ 0.4, 0.2/ 0.4, 
and 0.4/ 0.6 gram per liter. At 6.8 the pH was adjusted by the use of 
sodium dihydrogen phosphate and titration with tenth normal sodium 
hydroxide. At this pH value, activity was considerably reduced over 
that at 7.8. Sodium bicarbonate was titrated with tenth normal sodium 
hydroxide to obtain the pH of 8.9. Although the average activity 
product at this pH was better than at 6.8, it was definitely lower than 
at 7.8. It appears, therefore, that a value which is between 7.5 and 8.0 
is the optimum condition for activity of the isolated crop of the Ameri-
can roach. 
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It was noted that the activity products for crops from females 
were usually less than those for crops from males. The average activity 
product for the males' crops was 0.525, and for the females', 0.399. 
In 70 per cent of the solutions the crops from males had higher aver-
age activity products. In spite of the fact that both males and females 
had access to food at the same time, it was found that when the foreguts 
were isolated, those from females contained more food than those from 
males. Additional experimentation showed that there was not a sig-
nifi.cant difference in the amount of food ingested by the males and 
females. Apparently, food passes more slowly through the foregut of 
the female than of the male. Thus, it appeared that the difference in 
activity of the excised crops was due to an inherently greater contrac-
tion rate in the crop of the male. 
As a result of these investigations, it was concluded that, of the 
salt concentrations tested, the optimum mixture was one which con-
tained 14.0 grams of sodium chloride, 0.2 gram of potassium chloride, 
0.4 gram of calcium chloride, and 0.2 gram of sodium bicarbonate per 
liter of solution. This mixture would have a pH value of 7.5 to 8.0. 
EFFECTS OF DIETARY MODIFICATIONS ON THE 
TAPEWORM HYMENOLEPIS DIMINUTA1 •2 
ANNA HAGER 
From the Department of Zoology and Entomology, Iowa State College 
Received May 22, 1941 
White rats of the Wistar A inbred strain were experimentally in-
fected with the rat tapeworm Hymenolepis diminuta by means of con-
fused flour beetles (Tribolium confusum) as vectors. The beetles were fed 
gravid proglottids from the posterior portions of rat tapeworms, and, 
after three weeks to allow for the development of cysticercoids, were 
decapitated and added to the food of the rats. Those rats which became 
infected began to pass worm eggs in approximately three weeks after 
ingestion of the intermediate hosts. 
The rats were kept in separate cages of half-inch mesh hardware 
cloth beneath which were placed enameled pans containing water and a 
small amount of trisodium phosphate. The pellets dropped through the 
mesh floors and were caught in the pans below. Every other day each 
pan was removed and replaced by a clean one, and the contents, includ-
ing all of the worm eggs egested during the preceding two days, were 
thoroughly mixed and diluted to one liter. 
Of this suspension, made as homogeneous as possible, a small amount 
was dropped into a mold counting chamber of known volume. The eggs 
present in this volume were determined, and from this count the approxi-
mate number present in the liter of material, and the numbers eliminated 
per day per rat, were calculated. Rats' were weighed each week. 
For a month after the first appearance of eggs in the fer.~s, all rats 
in any experiment were given the same control diet,3 after which a part 
of the hosts were given the experimental diet to be used in that investi-
gation. In this way, the numbers of eggs eliminated by each rat on the 
expermiental diet could be compared with its own record on the control 
diet, and groups of rats could be compared while receiving similar and 
dissimilar diets. 
There was a considerable day-to-day variation in the numbers of 
eggs present in the fecal material. It was necessary, therefore, to con-
sider the general trend of the counts rather than to attempt an explana-
tion for each rise or fall. The egg counts for one rat could not be com-
pared directly with those for another, since there was no assurance that 
they were harboring the same number of worms. 
1 Original thesis submitted June 3, 1939. Doctoral thesis number 513. 
•The entire paper based upon this thesis was published in the Iowa State College 
J our. of Sci. 15: 127 -154, 1941. 
' Celluflour, 3 per cent; beet sugar, 63 per cent; casein, 15 per cent; complete salt 
mixture, 4 per cent; cod liver oil, 2 per cent; lard, 3 per cent; Fleischmann's yeast, 
10 per cent. 
[60] 
EFFECT OF DIET OF HOST ON HYMENOLEPIS DIMINUTA 61 
At the conclusion of each experiment, the hosts were killed with 
illuminating gas and the cestodes removed, counted, and measured. 
RESULTS 
1. Rats transferred to an exclusive whole milk diet eliminated con-
sistently fewer tapeworm eggs than they had passed while on the control 
diet; whereas the numbers of eggs eliminated by control rats, not shifted 
from the control diet, did not change significantly. Eight rats were studied 
over a period of five months. 
2. Two young rats were transferred from the control ration to one 
in which 10 per cent more sugar was substituted for the 10 per cent yeast. 
This diet was inadequate for vitamins B1 and G. As compared to the two 
controls, these rats declined rapidly in weight and health, and the num-
bers of worm eggs also declined, disappearing from the droppings of one. 
The numbers of eggs mounted again when the hosts were restored to the 
control diet. 
3. Yeast autoclaved for 2 hours at 120° C. was substituted for 
unautoclaved yeast to supply a ration deficient in vitamin B1• Rats trans-
ferred to this inadequate diet ceased to gain and after several weeks fell 
off sharply in body weight, but there was no marked decrease in the 
numbers of worm eggs eliminated. Ten rats were used in this investigation. 
4. Four young rats were given a ration similar to that used to pro-
duce a deficiency of vitamin B 1 and G, but vitamin B1 was added by the 
daily administration of four drops of tiki tiki. As compared to the four 
control animals, those deficient in vitamin G lost weight although they 
continued to eat fairly well. The numbers of eggs passed were greatly 
decreased. Restored to the control diet, the experimental animals re-
gained weight and an appearance of health and tidine~s, and the repro-
ductivity of the cestode parasites also increased. 
5. Six young rats were maintained on the control diet, but were 
allowed only one-third as much food as the average amount eaten by six 
controls. After two months, the groups were reversed in treatment. In 
neither group did the numbers of tapeworm eggs eliminated decrease 
appreciably. 
6. Rats given a diet in which soybean oil meal was substituted for 
yeast, eliminated fewer worm eggs than those on a diet in which wheat 
middlings took the place of the yeast and a part of the sugar. When the 
groups were reversed in treatment, soybean oil meal continued to be 
associated with lower egg counts than did wheat middlings. 
7. Regardless of host diet prior to death, an inverse relationship was 
observed between the numbers of worms harbored by any one host and 
their average length. 
8. During the periods when all the rats received the control diet, 
the average numbers of eggs produced per worm varied inversely with 
the worm burden. 
62 ANNA HAGER 
CONCLUSIONS 
The adult flour beetle Tribolium confusum may serve as a vector for 
the rat tapeworm Hymenolepis diminuta. The cysticercoids may infect 
the rat after approximately three weeks. 
There is no direct relationship between the worm burden and the 
numbers of eggs eliminated by the host, but rather an inverse relation-
ship between the worm burden a~d the lengths and reproductive powers 
of the parasites harbored. 
A diet deficient in vitamins B1 and G is associated with a decrease 
in egg output. This effect is apparently not due to the labile vitamin B1. 
There appears to be a factor associated with the vitamin G complex which 
is necessary for normal egg production by the rat tapeworm. A diet 
lacking in vitamin G does not furnish this factor. It is not maintained 
that the factor involved is identical with vitamin G. A diet containing 
wheat middlings is associated with a higher production of tapeworm eggs 
than is one containing soybean oil meal. This may be attributable to a 
larger amount in the former of the factor necessary for reproduction. 
A diet consisting exclusively of whole milk is associated with a de-
crease in the numbers of eggs developed. 
Partial starvation of the host by restriction of the food intake to one-
third the normal amount does not cause a decrease in the numbers of 
tapeworm eggs eliminated. 
THE EFFECT OF CONTROLLED pH UPON THE PRODUCTION 
OF CHEMICALS IN SEVERAL FERMENTATIONS1 
RICHARD JAMES HICKEY 
From the Department of Chemistry, Iowa State College 
Received June 10, 1941 
INTRODUCTION 
Most of the glycerol produced in the United States at present is a 
by-product of the soap industry. Recently a method of synthesis from 
propylene has been described by Williams and associates (8) (9). Meth-
ods for producing glycerol by fermentation have been suggested-
Connstein and Ludecke (2) (3), Cocking and Lilly (1), and Eoff, Linder, 
and Beyer (4)-but have not proven economically successful on a com-
mercial basis in normal times. These procedures have utilized sodium 
sulfite, a mixture of sodium sulfite and bisulfite, or sodium carbonate. 
Considerable difficulty was encountered in recovering the glycerol from 
the fermented mashes containing the high proportions of sodium salts 
required. However, fermentation glycerol was produced as a military 
necessity at a rather high cost in Germany during the World War of 
1914-1918. 
This thesis was concerned principally with the effect of pH on the 
fermentative production of glycerol by both the alkaline and sulfite 
mechanisms postulated by Neu berg and co-workers (7) . 
METIIODS 
A Cameron pH Recorder was adapted for automatic pH control by 
adding electrical circuits and equipment. This apparatus permitfad con-
trolling the pH during fermentation, by automatic addition of base or 
acid, to within +0.05 unit of the desired pH value. A semisynthetic 
medium was employed which contained dextrose and a minimum of 
dissolved materials other than sugar in order to simplify analyses. The 
rapid and accurate semimicro method for determination of glycerol 
described by Fulmer, Hickey, and Underkofler (5) was used. The 
yeast culture employed was a strain of Saccharomyces cerevisiae desig-
nated in these laboratories as No. 43. 
RESULTS 
Krug and McDermott (6) used ammonium hydroxide to increase 
glycerol production by yeast fermentations. Studies of fermentative 
glycerol production were attempted at controlled pH levels employing 
ammonium hydroxide as the alkalizing agent. The activity of the yeast 
1 Original thesis submitted June, 1941. Doctoral thesis number 630. 
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was inhibited in all cases when the pH was maintained in the alkaline 
range by the above reagent. Studies were made on the fermentability 
of the medium as a function of the ammonium concentration. At 
pH = 6.5, with the ammonium concentration at 0.1 to 0.5 normal, the 
yeast grew normally. It was found, however, that at a given ammonium 
concentration, increasing the pH increased the toxicity. Moreover, at 
any pH above 6.8, increasing the ammonium concentration enhanced the 
toxicity. Successful fermentation was not possible above a pH of about 
7 when the ammonium concentration was greater than 0.1 normal. Since 
the ammonium ion was shown to be nontoxic in the concentrations 
studied, the data indicate that the toxicity arising from the use of am-
monium salts of nontoxic anions is a function of the activity or chemical 
potential of molecular ammonia or ammonium hydroxide. The yield 
of glycerol increased as the pH approached 7, but above this value 
the toxicity of the ammonia inhibited the yeast fermentations. It was 
concluded that glycerol production by means of fermentations employ-
ing ammonium hydroxide as the alkalizing agent would be unsatis-
factory because of the poor glycerol yields obtained at the pH levels 
required for satisfactory fermentations. 
The use of sodium carbonate or sodium hydroxide solutions as al-
kalizing agents, in contrast with the use of ammonium hydroxide, was 
successful in producing satisfactory fermentations. It is desirable to 
keep to a minimum any necessary dilution of the fermenting medium. 
Sodium hydroxide solutions were preferable to sodium carbonate solu-
tions for automatic pH-controlled operations because of the greater 
solubility and alkalizing capacity of the sodium hydroxide. When the 
pH was controlled automatically at pH = 8.0 by a sodium hydroxide 
solution, a glycerol yield of 22.8 per cent of the sugar weight was found. 
The production of glycerol by yeast fermentation in the presence of 
sulfite depends upon the fixation of acetaldehyde as a bisulfite addition 
product. However, it is necessary that the bisulfite concentration be 
kept at a low level since bisulfite is toxic to yeast. 
It was found experimentally that the solubilities of calcium sulfite, 
magnesium sulfite, and of the bisulfite ion are functions of the pH. It 
was predicted that these salts should favor glycerol production in 
yeast fermentations, and that the toxicity, acetaldehyde fixation, and the 
subsequent glycerol yield should also be functions of pH. It was found 
that the bisulfite toxicity depended very markedly on the pH of the 
media, while the effect of pH on the glycerol was not so definite. 
Both calcium sulfite and magnesium sulfite were found to be effec-
tive in fixing acetaldehyde in yeast fermentations for glycerol produc-
tion. The fermentations were conducted in slightly acid media, and it 
was shown that increasing the initial sugar concentration decreased the 
percentage glycerol yields, the latter being an exponential function of 
the initial sugar concentration. The maximum extrapolated glycerol 
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yield was, in each case, about 26 per cent of the sugar weight as the 
initial sugar concentration approached zero. The time for the completion 
of the fermentations varied from about 1 to 4 days, depending upon the 
initial sugar concentration. 
It was found that the concentration of the acetaldehyde-bisulfite 
complex approached a maximum in fermentation media utilizing calcium 
sulfite or magnesium sulfite for acetaldehyde fixation. The data obtained 
indicated that the extent of acetaldehyde fixation and hence the glycerol 
yield from fermentations involving calcium sulfite were controlled by 
the following equilibrium relation: 
2 CH3CHO + Ca (HS03) 2 ~Ca (HS03 . CH3CHO) 2 
A similar equilibrium was indicated for magnesium sulfite. As the con-
centration of the complex increases, the concentration of acetaldehyde 
or its equivalent would also increase. The increased acetaldehyde con-
centration would allow its more extensive reduction to ethanol by means 
of glyceraldehyde phosphate during the biological dissimilation of the 
sugar. Such an operation would result in a decreased glycerol yield. 
It was concluded that the success of the glycerol fermentation in the 
presence of slightly soluble sulfites may depend on the decomposition 
or deactivation of the acetaldehyde-bisulfite complex during fermen-
tation. 
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The cotton flea hopper, Psallus seriatus Reut., is one of the most im-
portant pests attacking cotton in the United States. It occurs in 22 states 
and the District of Columbia, extending from California to Florida and 
from Texas to Minnesota, and includes most of the cotton-growing states. 
The first extensive injury to cotton by this insect occurred in 1926. 
This outbreak was probably brought about by the increased crop acreage 
in the United States between 1915 and 1926, which made possible the 
production of large areas of the weed hosts on the disturbed soils. On 
these weed hosts, large numbers of the cotton flea hopper were developed, 
and in turn migrated into cotton where they fed and caused injury. 
The cotton plant is injured by the feeding of the adults and nymphs 
of the cotton flea hopper. They pierce the tissue of the growing tip of the 
cotton plant and suck the sap. This feeding causes the death and shedding 
of the small squares. The plant responds to the injury either by making a 
whiplike growth with scarcely any branches, or a rank vegetative growth. 
In both cases the plants are characterized by the absence of squares and 
blooms. The injury to cotton may be too small to measure or it may be 
a total loss of the crop. 
The cotton flea hopper is known to feed upon 138 species of plants, 
which are distributed in 28 families. The most important species of host 
plants do not occur in all parts of the infested area, and likewise, the 
cotton flea hopper is not co-existent with its known hosts. 
In Oklahoma, the cotton flea hopper occurs on 87 species of plants 
which are distributed in 24 families. The most important host plants are 
contained in four genera as follows: Oenothera, Monarda, Solanum, and 
Croton. Some species of plants are important in the western part of Okla-
homa, while other species are important in the eastern part, and there is 
an overlap of species in the central portion encroaching eastward and 
westward, as the case may be. 
Unfed flea hopper nymphs hatching from hibernated eggs were suc-
cessfully reared to maturity on 25 species of plants, and lived from 2 to 16 
days on 41 other species. The unfed nymphs, which were caged the same 
way as those on the plants, but denied access to plants, died within 24 
hours. 
Nymphs of the cotton flea hopper hatching from hibernated eggs in 
Croton capitatus Michx. were found feeding on plants growing adjacent 
to that species. The most common plant upon which they were found was 
1 Original thesis submitted July 15, 1940. Doctoral thesis number 581. 
[66] 
HOST RELATION OF COTTON FLEA HOPPER 67 
Ranunculus parviflorus L.; however, Oenothera laciniata L. was com-
monly fed upon but was not present in as great numbers as Ranunculus 
parviflorus. Where these two species of plants were found growing 100 
feet from Croton, no cotton flea hoppers were present. Migration of the 
nymphs of cotton flea hoppers does not seem to be characteristic, and 
they feed upon the plants which are present near the hibernation host. 
The adults of the cotton flea hopper are, unlike the nymphs, dis-
tinctly migratory. In fact, preferred host plants which grow near the 
hibernation host and are not infested by the nymphs hatching from the 
hibernation host, are infested by adults developing from the nymphal 
population. There is a decided preference of hosts shown by the adult. 
The most important host plants of the cotton flea hopper are divided 
seasonally as follows: 
1. The Early Spring plants upon which the nymphs hatching from 
the hibernated eggs develop. The most important of these in Oklahoma 
are Oenothera laciniata and Ranunculus parviflorus, the former through-
out the state and the latter in the eastern part. There are other local 
species of importance, and perhaps many that are not known. 
2. The Late Spring and Early Summer host plants. These plants serve 
as host to the first generation of adults which have developed upon the 
Early Spring hosts. The more important species of this group are the 
various Monardas, Solanum elaeagnifolium Cav., in some cases Oenothera 
laciniata L. which may be in a desirable condition for feeding and de-
velopment. The most important species of this group are Monarda fistu-
losa L. and Monarda dispersa Small on the upland, Anthemis cotula L. 
in the wooded, damp, and marshy areas of the river flood plains. In west-
ern Oklahoma, Croton texensis (Kl.) Muell. Arg. and Solanum elaeagni-
folium are very important in this group and continue throughout the 
season. 
3. The Late Summer hosts. This group contains those plants which 
act as host from July until frost and some of them serve as host for the 
hibernating eggs. The most important of these are the various species 
of Croton. In the eastern part of Oklahoma, Croton capitatus Michx. is 
the most important species. The infestation of this plant continues from 
about June 10 until frost, which corresponds with the blooming period. 
In the western area of Oklahoma, in the sandy regions, Croton texensis 
is the most important. Its infestation continues from the latter part of 
May until frost. Croton Lindheimeranus Scheele occurs most commonly 
in the central prairie regions of Oklahoma and is found growing with the 
two former species of Croton, but it is most commonly found in small grain 
stubble in the northern part of the cotton belt. The other Crotons are of 
minor importance in Oklahoma, due to their restricted range. Solanum 
elaeagnifolium is important in the western part of Oklahoma, but is usually 
not heavily infested. Monarda punctata L. is important in sandy areas 
during July, but is in restricted areas and therefore not of more than 
local importance. 
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The Crotons are the most important hosts in which the cotton flea 
hopper eggs hibernate. There are other plants known to successfully 
harbor the eggs during the winter, but in all cases the number of nymphs 
hatching from those plants is small. These plants include cotton (Gossy-
pium hirsutum L.); Helianthus sp., Ambrosia sp., and Solanum elaeagni-
folium. In the western areas Croton texensis is the most important win-
ter host; in the eastern area of Oklahoma and Texas, Croton capitatus 
is the most important, and the latter species seems to be rather important 
eastward in the United States, while in South Carolina Croton glandulosus 
L. is considered as the most important hibernation host. 
Cotton, Gossypium hirsutum, is attacked by adult cotton flea hoppers, 
moving from the Late Spring and Early Summer hosts which have ma-
tured, in search of the Summer and Fall hosts. If the preferred hosts are 
not present in proper condition for feeding and breeding, they remain in 
cotton for a greater or less time until such hosts are available. The time 
spent in cotton apparently depends upon the rate of growth, the size of 
the field, and the nearness of the preferred Crotons. 
The population of cotton flea hoppers in cotton is never as large as 
the population in the weed hosts. The maximum number of both adult 
and nymphal cotton flea hoppers found in cotton is about 200 per 100 
plants, which is equivalent to a total of about 600 to 100 sweeps of the 
net. In Monarda fistulosa, Monarda dispersa, and Croton capitatus, the 
maximum number of adults per 100 sweeps of the net was 600, with about 
an equal number of nymphs, while in Croton texensis the number has been 
estimated at from 1,000 to 2,000, but by actual count on the basis of one 
sweep per sample, the number found was a minimum of 1,300; the maxi-
mum was 13,800, and the average was 6,780 adults per 100 sweeps of the 
net. A sweep into one plant of Croton texensis yielded 123 adult cotton 
flea hoppers. In most cases the samples contained about equal numbers 
of adults and nymphs. 
The hosts of the cotton flea hopper grow almost exclusively on dis-
turbed soil such as over-grazed pastures, abandoned fields, road sides, 
fence rows, neglected fields, terraces, and cut-over timber and river flood 
plains. The plants are unable to compete successfully with good stands 
of grass, and have not been found growing in well-cared-for meadows, 
or in properly managed pastures. In well-cultivated fields they are not a 
problem, but in wheat stubble following harvest, the Crotons appear in 
large numbers and dominate the area until plowed or until frost comes. 
The control of the cotton flea hopper is one of land utilization in which 
pastures are not over-grazed, where terraces are either grassed or culti-
vated, and where fields are properly cultivated. 
The Crotons are the key plants in the successful development of the 
cotton flea hopper. Their control should not be a difficult problem, due to 
their inability to compete with grasses and other dominant plants. Prob-
ably the easiest method of control would be to mow all infested areas and 
encourage grasses to grow. 
MEAT IN NUTRITION. XVII. CONCENTRATION OF SUGAR IN 
BLOOD OF PREGNANT RATS FED A DIET CONTAINING 
DRIED AUTOCLAVED PORK MUSCLE.1 
FLORENCE PEN Ho 
From the Department of Foods and Nutrition, Iowa State College 
Received June 10, 1941 
Gestational failures have been consistently produced in albino rats 
by workers in the Nutrition Laboratory of the Foods and Nutrition 
Department at the Iowa State College by feeding semisynthetic diet 
known as Pork I. This ration contained 25 per cent dried autoclaved 
pork muscle as its main source of protein. The mortality of both mothers 
and young was very high as compared with that observed in control 
rats reared on the stock ration (Steenbock V). The characteristic syn-
drome noted in the reproductive disturbance in the rats fed the pork diet 
is similar to that of human eclampsia. 
On autopsy, the livers of the animals receiving the Pork I diet showed 
definite changes. The liver increased in size, was yellow in color, and 
friable and spongy in consistency. Microscopic examination of sections 
of liver showed a fatty infiltration that became more pronounced when 
the disorder appeared among the gravid animals (Armstrong,2 1939). In 
this case, fatty degeneration developed, also. The chemical analysis of 
the organ revealed a high fat content. The infiltration of fat in the 
hepatic cells may disturb the processes of glycogenesis or glycogenolysis 
which in turn may cause fluctuations in the concentration of glucose in the 
blood. Therefore, it seemed that a study of the blood sugar values of the 
pregnant rats fed the pork ration should yield some information regard-
ing carbohydrate metabolism. 
The purpose of the present investigation was to determine the con-
centration of sugar in the blood of pregnant rats fed the Pork I ration and 
to compare it with that in rats receiving the control stock ration. 
In the experiment, 85 female rats were used. They were divided 
into two experimental series. 
The pregnant groups in the first experimental series consisted of a 
control group fed the Steenbock V ration. The other experimental group 
received the Pork I ration. In order to determine whether pregnancy 
itself exerted an effect upon blood glucose levels, pregnant and virgin 
females were studied in the control and experimental groups. The preg-
nant animals were killed on the 21.5 day of the second gestation. They 
were standardized by means of starvation for 13 hours; 4 gm. of their own 
diet was fed at the end of this period; and then the animals were stunned 
'Original thesis submitted June, 1941. Doctoral thesis number 635. 
•Armstrong, W. E. 1939. Meat in nutrition. XV. Certain characteristics of gesta-
tional performance in albino rats fed a diet containing dried autoclaved pork muscle. 
Doctoral Thesis No. 524, Iowa State College Library, (1939). [Unpublished.] 
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4 hours after the feeding. The blood was drawn immediately for chemical 
analysis. The virgin females were killed when they were as old on the 
average as the pregnant animals in that group. They were also stand-
ardized before autopsy. 
Since the control and experimental diets contained different ingred-
ients, their respective digestibility and absorbability might be different. 
In order to minimize possible variations from these sources, a second series 
of experiments was planned. In this experiment, the quantity and 
quality of food fed after starvation was kept constant by administering 
2.5 cc. of 50 per cent glucose solution to each rat instead of giving it its 
own ration. 
In the second series of the experiment, both pregnant starved and 
pregnant glucose-fed groups of rats were studied. Each group was further 
subdivided on the basis of the control and experimental diets used in 
rearing the rats. 
Results in Series I showed that the average concentration of sugar in 
the blood of virgin rats fed the Pork I experimental diet was 144.1 mg. 
per cent in contrast to 123.2 mg. per cent in the blood of the virgin animals 
receiving the Steenbock V control ration. It seemed that the experi-
mental rats had a higher concentration of blood sugar than the control 
rats, but analysis of variance showed that the difference was not sig-
nificant. 
To determine whether pregnancy per se affected the concentration of 
sugar in the blood, virgin and pregnant rats fed the same diet were com-
pared under the same standard conditions. The blood sugar values in the 
control group averaged 123.2 and 92.7 mg. per cent, respectively; in the 
experimental group, 144.1 and 97.4 mg. per cent, respectively. Thus, the 
quantity of blood sugar appeared to be lower in gravid rats fed both 
diets than it was in virgin animals. The differences noted in the level of 
blood glucose in pregnant and nonpregnant rats proved significant upon 
analysis of variance. Undoubtedly, the metabolic needs of the feti were 
responsible for the low blood sugar values observed in the pregnant 
group. 
When the average quantity of sugar in the blood of the pregnant 
rats fed the Pork I diet (97.4 mg. per cent) was compared with that in 
the blood of pregnant rats fed the Steenbock V diet (92.7 mg. per cent), 
no marked difference was noted, and analyses showed that the variance 
within the groups was greater than that between them. 
In order to determine the basal levels of the sugar concentration in 
the blood, both the control and experimental groups were starved for 
13 hours. The blood sugar values at the end of this period averaged 58.4 
and 73.9 mg. per cent, respectively. Statistical analysis showed that the 
difference was not significant. 
Of the rats that were fed the glucose solution, the blood sugar con-
centration in the pregnant control group was 56.2 mg. per cent, and in the 
rats reared on the pork diet, 75.7 mg. per cent. Analysis of the variance 
indicated the difference was significant. It seemed strange that a sig-
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nificant difference should exist in this instance, when the difference occur-
ring in the levels of sugar observed in the blood of the two pregnant 
groups studied in the first series was not significant. 
In the first series, fetal development was comparable in the experi-
mental and control groups. The number of living feti found in the uteri 
of the experimental group was 8.2; in the control group, 10.5. However, 
in the second series of glucose-fed rats, there were only 5.9 feti alive in 
the uteri of the pork rats in contrast to 11.5 in the Steenbock V rats. 
Before it could be said that the blood of the pork rats was hyperglycemic, 
it was necessary to determine whether or not differences in fetal metabo-
lism were affecting the material blood values. By a re-sorting of the data 
that made it possible to examine the concentration of glucose in the 
bloods of paired sister mates reared on the two diets, it was found that the 
larger the number of feti present, the lower was the concentration of 
blood sugar. If the number of feti produced by each member of the pair 
happened to be the same, the glucose concentration was also approxi-
mately the same. Therefore, the difference originally observed, while 
real, was not one that pointed to a hyperglycemia in the pork rats. 
From the data presented above, the following conclusions seem 
warranted: 
1. Pregnancy per se lowers the concentration of sugar in the blood; 
2. The greater the number of living feti present in the uterus, the 
lower is the concentration of sugar in the maternal blood; 
3. The level of blood sugar remains normal in rats fed the pork-
containing diet until the 21.5 day of gestation, even though the conce.n-
tration of glycogen is known to be subnormal; and 
4. Whether the concentration of sugar in the blood is disturbed when 
acute pregnancy disease develops remains to be demonstrated. 
SOIL-INHABITING FUNGI ATTACKING THE ROOTS OF MAIZE1 
WEN-CHUN Ho 
From the Department of Botany, Iowa State College 
Received June 10, 1941 
Several pathogens were known to attack the roots of maize, but 
the effect of these pathogens was not well understood. During the course 
of the present study various organisms were found to be associated with 
the decayed seeds or infected roots, mesocotyls, plumules, and crowns 
of maize. The organisms found most often on the decayed seeds were: 
Pythium debaryanum Hesse, Gibberella saubinetii (Mont.) Sacc., Penicil-
lium oxalicum Currie and Thom, Trichoderma lignorum (Tode) Harz., 
and Fusarium spp. Those occurring on diseased roots were Pythium 
debwryanum, Pythium graminicola Subr., Gibberella saubinetii, Helmin-
thosporium sativum P., K., and B., Rhizoctonia solani Kuhn, Trichoderma 
lignorum, Fusarium moniliforme Sheldon, and Fusarium spp. Isolations 
made from infected mesocotyls yielded chiefly Gibberella saubinetii, 
Rhizoctonia solani, Helminthosporium sativum, Penicillium oxalicum, 
Trichoderma lignorum and Fusarium spp., and those from diseased 
plumules yielded Gibberell.a saubinetii, Fusarium sp., and Rhizopus sp. 
The organisms that appeared on crowns were Diplodia zeae (Schw.) Lev., 
Gibberella saubinetii, Penicillium oxalicum, Aspergillus niger Van Tieg., 
Fusarium moniliforme, Trichoderma lignorum, and Fusarium spp. 
These organisms may be divided into three groups based on their 
pathogenicity on maize in the greenhouse and under field conditions: (1) 
Highly destructive, Pythium debaryanum, Pythium graminicola, and 
Gibberella saubinetii; (2) moderately destructive, Rhizoctonia solani, 
Helminthosporium sativum, Diplodia zeae, and Penicillium oxalicum; (3) 
slightly to none, Aspergillus niger, Fusatrium moniliforme, Trichoderma 
lignorum, Rhizopus, sp. and Fusarium sp. Pathogenicity was more con-
stant in Pythium debaryanum and P. graminicola than in Gibberella 
saubinetii and Helminthosporium sativum. 
The pathogenicity of Pythium debaryanum and Helminthosporium 
sativum on maize was established for the first time. The former appeared 
in the early growing season and caused root-tip necrosis of fine rootlets, 
while the latter occurred on the infected roots and mesocotyls in the 
mid-growing season. 
Under field conditions the various soil-inhabiting pathogens usually 
attacked the plants in combination. Under such conditions a combination of 
symptoms frequently occurred, but in other cases symptoms of one 
organism might predominate over the other. Results obtained from the 
greenhouse studies on the combinations of symptoms indicated that when 
two active pathogens occurred together, the symptoms of each organism 
1 Original thesis submitted June, 1941. Doctoral thesis number 638. 
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were distinct and the severity of the disease rating generally increased 
over the corresponding rating of single cultures of any one of them. In 
this case, the destructive effect was distinctly additive. In combinations 
of an active pathogen with a weak pathogen or a saprophyte, the severity 
of the disease was found to be less than that of the active pathogen alone. 
The destructive effect in this combination was subtractive. In some cases 
the symptoms of one organism were predominant because the conditions 
that prevailed were unfavorable to the other organism. The pathogenicity 
of almost all active pathogens was somewhat suppressed when any one of 
them occurred simultaneously with Trichoderma lignorum. The destruc-
tive effect in this combination was inhibitive. 
Under field conditions more than one pathogen usually appeared on 
the underground parts of the plants simultaneously and seemingly in 
succession as the season advanced. Therefore, an attempt was made to 
determine the active pathogens that caused the initial infection, the sec-
ondary invaders that followed the initial infection, and the sapro-
phytes that grew on the infected tissue. The relation between the occur-
rence of the specific pathogens and their symptoms was investigated. In 
most cases Pythium debaryanum became parasitic before and following 
seedling emergence, causing seed decay, stunted growth, and a tip necrosis 
on the primary and some of the seminal roots. When the soil reached a 
higher temperature, P. debaryanum caused only slight injury, while P. 
graminicola became aggressive and appeared on the tips of most of the 
roots, inducing a rapid necrosis and a brown, water-soaked appearance. 
At the same time, Gibberella saubinetii and Rhizoctonia solani often 
occurred on the lower part of the mesocotyl, and later caused a discolora-
tion and cortical necrosis of the roots. As the season advanced, other 
organisms, such as Helminthosporium sativum and Penicillium oxalicum, 
produced further necrotic lesions on the mesocotyl and basal part of the 
roots. Still later, Fusarium moniliforme, Aspergillus niger, Trichoderma 
lignorum, and Fusarium spp. were observed in the root lesions. The 
lesions on the roots and mesocotyl were followed by a number of sapro-
phytic soil-inhabiting organisms, chiefly species of Fusarium. When the 
maize matured, Diplodia zeae, Penicillium oxalicum, Aspergillus niger, 
Fusarium spp., etc., might develop extensively on the crown, leaving no 
evidence of the organisms that prevailed earlier. 
The response of fourteen open-pollinated varieties, fifteen inbreds, 
fifteen single crosses and twenty-three double crosses of maize studied in 
the greenhouse and field showed a considerable variation in their relative 
resistance to Pythium graminicola and P. debaryanum. Among varieties 
studied, Kossuth County Reliance and Stern Yellow Dent were suscepti-
ble to P. graminicola and P. debaryanum, while Black Yellow Dent and 
Krug were more resistant. The majority of the fifteen inbreds studied 
were susceptible to both species of Pythium. Inbreds Ldg (k), Black 349, 
Lancaster 289, Osterland 426, and Hy showed some resistance. Single 
crosses that were combinations of less susceptible inbreds, such as Ldg 
(k) x Pr. (Osf), Lancaster 317 x Black 349, Osterland 420 x Osterland 
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426, and R4 x Hy, were resistant to both species of Pythium, while single 
crosses that were combinations of very susceptible inbreds, such as Iodent 
205 x Black 345 and Iodent 205 x Iodent 234, were susceptible. Among 
twenty-three hybrids, Hi-bred 307, Hi-bred 322, etc., were more suscep-
tible to P. graminicola and P. debaryanum, while Iowa hybrids, particu-
larly Iowa 13, Iowa 931, and Iowa 939, were more resistant. National 
hybrid 110 (Edge) was susceptible to P. graminicoLa but more resistant 
to P. debaryanum. 
Varieties, inbreds, single crosses, or double crosses that were very 
susceptible to P. graminicola also tended to be very susceptible to P. 
debaryanum, and those that were resistant to P. graminicola also tended 
to be resistant to P. debaryanum. A comparison of the relative resistance 
of open-pollinated varieties, inbreds, single crosses, and double crosses to 
P. graminicola and P. debarryanum revealed that, in general, open-polli-
nated varieties and double crosses were least susceptible, while single 
crosses were less susceptible than inbreds. Some of the open-pollinated 
varieties possessed more resistance than the hybrids. 
In general, the infection became more severe in plants held for 10 
days at 8° C. and then transferred to 22°-27° C., than on plants held con-
tinuously at the higher temperature. The infection on varieties Triple 
Dent, Silver Dent, Silver King, and Gold Mine, however, was more 
severe at continuous high temperatures. At high temperatures the injuries 
caused by P. debaryanum were distinctly diminished. 
The disease rating of susceptible open-pollinated varieties, such as 
Kossuth County Reliance and Stern Yellow Dent, was reduced from 22 
to 69 per cent; of susceptible inbreds, such as Iodent 205 and Iodent 234, 
from 34 to 83 per cent; and that of susceptible double crosses, such as 
Hi-bred 307 and Hi-bred 322, from 26 to 60 per cent by seed treatment. 
The effect of seed treatment was more pronounced at low temperatures 
than at high and was more conspicuous upon the susceptible ones than 
upon the resistant ones. At high temperatures the infection caused by 
P. debaryanum was commonly retarded by seed treatment, while the 
root necrosis caused by P. graminicola was not appreciably affected. 
DISTRIBUTION OF SALT IN BUTTER AND ITS EFFECT 
ON BACTERIAL ACTION1 
WESLEY HENRY HOECKER 
From the Department of Dairy Industry, Iowa State College 
Received June 10, 1941 
The retarding effect of salt on the activity of many micro-organisms 
is generally recognized, and various investigators have presented evidence 
showing that the addition of salt to butter improves the keeping qualities. 
However, salted butter sometimes deteriorates through bacterial action. 
Since the average concentration of salt in the serum of butter often 
is sufficient to inhibit growth of most bacteria producing spoilage in the 
product, the ability of micro-organisms to grow and produce defects in 
salted butter suggests that possibly not all of the serum in a churning 
contains the same concentration of salt. This would permit growth of 
bacteria in micro portions of butter containing little or no salt, while 
in other portions, containing higher concentrations, growth would be 
inhibited. Because of the spoilage of salted butter through bacterial 
action, the distribution of salt in butter and its effect on bacterial action 
were investigated, using a micro technique for the salt determinations. 
The investigations involved the development of a micro method for the 
determination of salt in butter, studies on the salt distribution in butter, 
and studies on the effect of salt distribution on bacterial action. 
In general the micro method is carried out as follows: An approxi-
mately 0.2-mg. ( -+-0.05 mg.) portion of butter is picked under a low 
power microscope and weighed on a microbalance. The butter is then 
ashed, and the ash and salt are taken up in a water-alcohol solution and 
transferred to a spot plate. A known amount of standard sodium chloride 
is added, and the mixture is titrated with a 0.01 N silver nitrate solution 
under a fluorescent type lamp, using dichlorofl.uorescein as the indicator. 
In studying the distribution of salt in butter both commercial and 
experimental churnings were used. With each churning ten micro samples 
from a 15-g. portion were analyzed. In some samples of normal com-
mercial butter the salt was very uniformly distributed, while in other 
samples the salt was not uniformly distributed. With most samples a 
correlation was noted between the salt distribution and incorporation of 
the moisture. With normal commercial churnings no significant differ-
ences in salt distribution were noted between the butter before and after 
printing with equipment which tended to rework the butter. Studies on 
the salt distribution in butter removed from commercial churnings at 
different times during the working process showed that, as the working 
process continued, the distribution of salt became more uniform. In some 
samples of putrid commercial butter the salt was very unevenly dis-
1 Original thesis submitted June, 1941. Doctoral thesis number 632. 
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tributed, while in other samples the salt was very uniformly distributed. 
In mottled commercial butter the light-colored portions usually con-
tained less salt than the dark-colored portions. 
In studying the distribution of salt and moisture in butter, both the 
salt and the moisture were determined on the same micro samples. With 
each churning, analyses were made on ten samples, each of approximately 
0.3 to 0.5 mg., from a 15-g. portion of butter. The moisture contents 
were determined by picking and weighing the samples in the usual man-
ner, drying them in a 100°C. oven, and allowing the dried samples to cool 
under room conditions for 30 minutes before weighing; the losses in 
weight during drying represented the moisture contents. In some samples 
large water droplets appeared on the freshly cut surfaces of the cold 
butter. These droplets were analyzed for salt by removing a portion of 
each droplet with a very small weighed capillary tube, sealing both ends 
of the tube and then reweighing. The material was removed from the 
capillary tube by crushing it with a small stirring rod in a spot plate 
depression containing a few drops of water. 
Much larger variations occurred in the moisture contents than in the 
salt contents of the micro samples of butter. Also, much larger variations 
occurred in the salt contents of the serums in the micro samples than in 
those of the large moisture droplets. The salt contents of the serums 
calculated from the micro analyses were slightly lower than the values 
calculated from the macro analyses. The salt contents of the large 
moisture droplets usually were higher than those of the serums, calculated 
either from the micro or the macro analyses. 
The effect of salt distribution on bacterial action in butter was studied 
with small laboratory churnings. Pasteurized cream was inoculated 
immediately before churning with lactic acid-producing organisms, or the 
pasteurized cream, the wash water, or the butter was inoculated with 
organisms producing a flavor defect in butter. The cream was churned 
in a small hand churn. Each churning was used to prepare samples of 
salted butter with the salt well distributed and poorly distributed and 
samples of unsalted butter that were thoroughly worked and poorly 
worked. The butter was held at 15.5°C. The activity of the micro-
organisms was determined by the change in numbers of organisms as 
shown by plate counts or by the Burri smear culture technique, by the 
microscopic examination of butter serum, by the change in pH of the 
butter serum, and by the development of flavor defects in the butter. 
Salt tended to inhibit bacterial action in butter, the greatest inhibition 
occurring in butter in which the salt was well distributed. The micro-
organisms were most active in poorly worked unsalted butter. 
The distribution of salt in butter on a micro basis should be considered 
a factor that definitely influences the action of micro-organisms in butter; 
the more thoroughly the salt is distributed the greater is the inhibitory 
effect of the salt. 
RELATIONSHIP OF THE LIPOLYTIC AND PROTEOLYTIC 
ACTIVITIES OF VARIOUS PENICILLIA TO THE 
RIPENING OF BLUE CHEESE1 
CHRISTIAN JENSEN 
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Received May 22, 1941 
Studies on the penicillia employed in blue cheese ripening were 
made from the standpoint of the relationship of their lipolytic and proteo-
lytic activities to the time of ripening, to the quality of ripened cheese, 
and to determine the possibility of employing cultural methods in select-
ing suitable strains of penicillia for ripening. 
The work reported involves (a) a comparison of methods employed 
in determining lipolytic and proteolytic activities of various penicillia, 
(b) estimation of lipolytic and proteolytic activities of various penicillia, 
and (c) inoculation of cheese curd with the molds to determine the 
effect of lipolytic and proteolytic activities of various penicillia on the 
ripening of blue cheese. 
RFBULTS OBTAINED 
The lipolysis of butterfat and cottonseed oil by various penicillia 
was more readily detected with the nile blue sulfate technique than with 
the natural fat technique. Although the natural fat technique resulted 
in greater colony growth, the nile blue sulfate technique usually gave 
the more distinct differentiation between unhydrolyzed and the hydro-
lyzed fat. 
The modified nile blue sulfate technique for determining the lipolytic 
activities of various penicillia on butterfat and cottonseed oil gave a more 
distinct differentiation between the unhydrolyzed and the hydrolyzed fat 
than the natural fat technique. 
No appreciable difference in effect on the detection of lipolysis by 
various penicillia was noted when 0.5 ml. or 1.0 ml. of a 3 per cent fat 
emulsion was used per plate (15 ml. agar). However, when 1.5 ml. fat 
emulsion was used the uniformity of lipolysis was affected. 
With the nile blue sulfate technique for determining lipolysis of 
butterfat by the penicillia, the best results were obtained when the media 
contained 1 part of the dye in 15,000 or 20,000 parts of agar. Higher con-
centrations of the dye caused marked inhibition of mold growth, while 
lower concentrations failed to color the fat properly. 
Proteolysis was more readily detected on Czapek's solution milk 
agar when the cultures were incubated: (a) at 28° C. rather than at 20° 
or 12° C.; (b) at 21° C. in the air 4 days, followed by 4 days in an atmos-
1 Original thesis submitted June 3, 1940. Doctoral thesis number 568. 
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phere charged with carbon dioxide rather than at 21 ° C. in air for 6 days 
or 8 days. 
At 21° C. proteolysis was more readily detected on Czapek's solution 
milk agar than on beef infusion milk agar when the cultures were incu-
bated 4 days in the air, followed by 4 days in carbon dioxide, or when 
they were grown for 8 days in carbon dioxide. 
Somewhat more clear-cut results were obtained with the carbon 
dioxide technique (incubation on Czapek's solution milk agar with incu-
bation at 21 ° C. for 4 days, followed by 4 days in carbon dioxide) in the 
detection of proteolysis than with the acidified milk agar technique. 
There was considerable variation in the lipolytic activities of various 
penicillia on butterfat and cottonseed oil, as determined by the natural 
fat and the nile blue sulfate techniques; the intensity and uniformity of 
lipolysis of the cultures ranged from nonlipolytic to very pronounced 
lipolytic. 
There was considerable variation in the lipolytic activities of various 
penicillia on different triglycerides according to the nile blue sulfate 
technique. Only a few cultures hydrolyzed tripropionin, while all readily 
hydrolyzed tributyrin and trivalerin. As the molecular weights of the 
triglycerides increased, variations in lipolytic activities of the cultures 
became more conspicuous. Some cultures showed gradual declines in 
their lipolytic activities, whereas others declined sharply on the tri-
glycerides beginning with tricaproin. Most cultures were actively lipolytic 
on the triglycerides from tributyrin up to and including tricaprin but 
several showed no lipolysis with trilaurin. 
There was considerable variation in the toxic effect of different tri-
glycerides on various penicillia. In general, the triglycerides that ex-
hibited the most pronounced toxicity, in declining order of their effect, 
were tripropionin, tributyrin, trivalerin, tricaprin, trilaurin, trimyristin, 
and tripalmitin. The least toxic were triheptylin, tricaproin, tricaprylin, 
and triolein. 
The lipolytic activities of various penicillia on butterfat were re-
tarded when the cultures were grown in an atmosphere consisting of 3 
parts air and 1 part carbon dioxide, while their activities were markedly 
accelerated in 3 parts of air and 1 part nitrogen and slightly accelerated 
in 3 parts carbon dioxide and 1 part nitrogen. 
The lipolytic activities of various penicillia on butterfat declined 
slightly when 4 per cent sodium chloride was added to the medium. 
Certain penicillia showed greater lipolytic action on cottonseed oil 
at 25° C. than at 9° to 10° C.; more rapid mold growth also occurred at the 
higher temperature. 
There was considerable variation in the proteolytic activities of vari-
ous penicillia as determined by the acidified milk agar and the carbon 
dioxide techniques. There was a general agreement between the results 
obtained with the two techniques. 
The rates of growth and of proteolysis of certain penicillia were 
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affected by different growth conditions. The cultures grew more slowly 
but showed greater proteolytic activities in air at 28° C. than at 19° or 
12° C.; the cultures were somewhat retarded in growth, but proteolysis 
was unaffected when grown at 28° C. in an atmosphere in which 10 per 
cent of the air had been replaced by carbon dioxide; culture growth and 
proteolysis at 28° C. were almost stopped in an atmosphere saturated with 
carbon dioxide; growth usually was unaffected but proteolysis was accel-
erated at 28° C. in an atmosphere consisting for the most part of nitrogen. 
The inoculation of cheese curd with dry bread mold cultures of peni-
cillia was the only satisfactory method of establishing the penicillia in 
cheese. Suspensions of spores from agar slopes or plate cultures failed to 
introduce sufficient mold spores for establishment of the inoculated 
cultures. 
Blue cheese ripened with pronounced lipolytic and proteolytic peni-
cillia usually showed better mold growth and earlier development of a 
good flavor than those ripened by less active molds. The bitter and green 
flavors often noted, during the early period of ripening, in cheese inoculated 
with the pronounced lipolytic and proteolytic penicillia gradually disap-
peared, and good flavors usually resulted. When the cheese were ripened 
with slightly lipolytic and proteolytic penicillia, they frequently showed 
poor mold growth and flavor development. However, the results were 
not always consistent, since in a few instances certain pronounced lipo-
lytic and proteolytic penicillia resulted in cheese with poor flavor. 
There were marked variations in the flavors of cheese ripened with 
different strains of penicillia. Cheese ripened with P. roqueforti usually 
showed good mold growth but not always good flavor. Cheese ripened 
with a culture of P . chrysogenum showed poor growth and flavor; cheese 
ripened with P. gorgonzola showed from good to poor growth and usually 
from fair to poor flavor; one culture of P. stilton usually produced good 
growth and from good to fair flavor in the cheese; while one culture of an 
unidentified Penicillium gave fair growth and flavor. 
A MICROMORPHOLOGICAL APPROACH TO THE STUDY OF 
SOILS1 
JOSEPH REX JOHNSTON 
From the Department of Agrcmomy, Iowa State College 
Received June 10, 1941 
Soil structure classification and nomenclature of morphological units 
in soils have received considerable attention by soil scientists in recent 
years. Dr. W. Kubiena has introduced the term "elementary soil fabric," 
which is essentially the description of a relation existing between the soil 
skeletal material and soil colloids. The six most important elementary 
soil fabric types as described by Dr. Kubiena are discussed. Some of these 
fabric types occur in some soils of the United States and are described 
and illustrated. The possibilities of using Dr. Kubiena's concept of soil 
fabrics in soil structure classification and nomenclature are pointed out. 
It was concluded that knowledge concerning soil structure formation and 
genesis is far from adequate. Furthermore, it was pointed out that before 
an orderly system of soil structure classification can be developed, atten-
tion must be given to three phases of soil structure: (1) microstructure, 
(2) macrostructure, and (3) tertiary soil structure. 
Thin sections of soils in their natural structural arrangement, as de-
scribed by Ross, by Kubiena, and by Volk and Harper were used in some 
mineralogical and weathering observations on the Webster clay profile. 
The thin section studies were supplemented with some specific gravity 
mineral separations of the fine sand fraction from each of the principal 
horizons of the soil studied. It was found that specific gravity separations 
of the fine sand fractions provided a means of more detailed mineral study 
than thin sections alone. The thin sections can be used in making a good, 
rapid qualitative determination of the minerals in the soil and can be 
quickly made, whereas specific gravity determinations require consid-
erable time. Furthermore, thin sections reveal the minerals in their 
natural positions in relation to the other minerals and constituents of the 
soil, information which is not apparent when the sample is mixed as for 
specific gravity determinations. 
Thin-section studies of the principal horizons in nine soil types, rep-
resenting seven great soil groups, were made. The great soil groups 
studied were the Gray-brown Podzolic, Red Podzolic, Yellow Podzolic, 
Prairie, Chernozem, W eisenboden, and Rendzina. The characteristics of 
soils as observed in thin section with the microscope were studied in 
relation to certain physical and chemical properties of soils such as 
mechanical composition, hygroscopicity, base exchange capacity and per-
centage organic matter. It was found that from thin-section observations, 
a general idea of the relative proportions of sand, silt, and clay in the soil 
1 Original thesis submitted June, 1941. Doctoral thesis number 627. 
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can be obtained. The amount and stage of decomposition of the soil or-
ganic matter can be roughly estimated from thin-section observations. 
The more obvious and outstanding features of soils that can be studied 
by thin sections are (1) movement of soil colloidal matter and other 
mobile constituents, (2) soil microstructure and porosity, and (3) the 
mineral composition in respect to whether there is an abundance or 
scarcity of the minerals high in calcium, magnesium, potassium, phos-
phorus, and iron. The thin section enables a worker to determine whether 
the soil colloid is composed largely of organic material, of the oxides of 
iron and aluminum, or of one of the clay minerals. 
The use of the thin section as a technique in the study of soil classi-
fication has promise because thin sections can be made quickly and with 
a small outlay of equipment, and because they make possible a more 
accurate and complete description of soils. Furthermore, the thin section 
is small, compact, and easy to handle, all of which makes it possible to 
catalogue and file the sections for quick reference and study. In other 
words, a set of thin sections representing the principal horizons of the 
soil types mapped within a state or area would be an asset to an organiza-
tion to whom knowledge of ::.oils is valuable. Also, the thin section is of 
such a nature that it can be sent from place to place with a minimum of 
cost and care, thus facilitating comparative study, correlation, and classi-
fication of soils. 
Nine plates illustrating the thin sections by photomicrographs and the 
mechanical composition, organic matter content, base exchange capacity, 
and complete pF curves of the principal horizons of the nine soil types 
are included. The thin sections and physical and chemical properties of 
each of the soil types studied are discussed. 
THE EFFECT OF INSECT CONTROL ON THE YIELD AND QUALITY 
OF COTTON PREMATURELY KILLED BY COTTON ROOT ROT1•2 
s. E. JONES' 
From the Department of Zoology and Entomology, Iowa State College 
Received May 22, 1941 
Insect pests and cotton root rot are major problems of cotton produc-
tion in Texas. Control measures are known for use in combatting the 
cotton flea hopper (PsalLus seriatus (Reuter)) and the boll weevil (Antho-
nomus grandis Boh.), but more practical methods are needed for pre-
venting losses caused by root rot (Phymatotrichum omnivorum (Shear) 
Duggar). 
EXPERIMENTAL 
To the writer's knowledge this was the first study ever made to deter-
mine the effect of insect control on the yield and quality of cotton from 
plants killed by root rot before the first normal picking. It was an attempt 
to discover an indirect method of reducing root rot losses by enabling the 
plants to set a larger crop before death occurred. Since the flea hopper 
frequently destroys the first fruiting forms and thereby delays the crop, 
the insect infestation was controlled to see if the standard control meas-
ures would be profitable to use in fields where varying amounts of root 
rot occur. 
The experiments were conducted at Cameron, Texas, during 1937 
and 1938, and at Port Lavaca, Texas, during 1939. Plats were selected in 
fields where root rot was known to occur and there was already present 
an incipient flea hopper infestation. The treatments consisted of con-
trolling the flea hopper with sulfur dust and the boll weevil with calcium 
arsenate dust on one plat and leaving another as an untreated check. Two 
1-acre plats were used in each of four fields during 1937. The treatments 
were arranged in randomized blocks and replicated three times in three 
fields during 1938 and four times in four fields during 1939. These plats 
were approximately one-sixth acre in size. The yield data were subjected 
to analysis of variance. Insect infestation records were made throughout 
the season, and dusts were applied when needed. The control obtained 
was determined by the reduction in infestation and yield records. Plants 
which died during each week were marked with a dated tag. The cotton 
was picked from the dead plants at the time of the first normal picking, 
and from the plants which were living at that time in the 1938 and 1939 
tests. The total yield from each group of plants was accurately weighed. 
All bolls which opened, regardless of size, were picked. 
1 Original thesis submitted June 4, 1940. Doctoral thesis number 559. 
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The quality of the lint and seeds was determined by specialists of the 
Texas A. and M. College from samples secured during 1938. The lint was 
ginned by Mr. D. T. Killough, classed by Mr. J. G. Powers, and tested for 
breaking strength and maturity by Miss Mary Anna Grimes. The seeds 
were analyzed by Dr. C.H. Rogers. 
The rainfall in the sections where these investigations were conducted 
was below normal: 5.66 inches in 1937, 7.55 inches in 1938, and 14.86 
inches in 1939. Cotton plants under these droughty conditions were small, 
shed many fruit forms, and matured early. Insect and root rot damage 
was probably less than average. 
The flea hopper infestation was low in all fields during 1937 and 1938. 
The infestation was sufficient to warrant dust applications for a period of 
about six weeks during 1939, but the adequate control obtained, based on 
infestation records, did not result in significantly increased yields on 
plants prematurely killed by root rot in any of the four fields. There was 
a significant increase in yield on the plants which were living at the time 
of the first picking in one field. Boll weevils did practically no damage 
during 1937 or 1939. There was an incipient infestation during 1938, but 
the control obtained did not result in increased yields on the dead or liv-
ing plants. Excessive shedding, due largely to a deficiency of soil moisture, 
partly accounts for the failure to make increased yields in spite of insect 
control. It appears that the yields secured from plants killed by root rot 
were as high as could be expected under similar conditions when insect 
damage is prevented. 
Root rot began killing plants each year about the time the first blooms 
appeared and continued throughout the growing season. Records were 
kept on 59,337 plants which died during the nine weeks preceding the first 
normal picking. Nineteen per cent of these plants died during the last 
two weeks. The percentage of plants killed in the 1938 and 1939 experi-
ments varied from 5.11 to 53.13 with an average of 29.39 in all fields. 
The yield from 49,164 dead plants in the 1938 and 1939 tests was 229 
pounds of seed cotton. Of that amount, 161 pounds or 70.3 per cent were 
picked from 10,496 plants which died during the last two weeks. The 
remaining 38,668 plants which died earlier in the season produced 68 
pounds· or 1.4 per cent of the total yield. The 118,126 living plants pro-
duced 4,638 pounds of seed cotton. Even though 29.39 per cent of the 
plants were killed by root rot, they produced 4. 7 per cent of the total 
yield. In one field where 53.13 per cent of the plants died, they produced 
only 9.5 per cent of the total yield. 
It required an average of 157 bolls from the dead plants to yield 1 
pound of seed cotton as compared with 72 from living plants. The number 
necessary to weigh 1 pound varied from 105 on plants which died during 
the last week to 270 from plants which died five weeks before the first 
picking. 
· Quality determinations were made of seed and lint from plants which 
died during each of six weeks before the first picking and from plants 
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which were living at that time on both dusted and undusted plats in the 
1938 experiments. The percentage lint in the seed cotton varied from 
39.3 in samples from plants which died during the last week to 32.1 from 
plants which died six weeks before the first picking. The seed cotton from 
living plants averaged 40.1 per cent lint. The grade was slightly better 
from living plants than from those dying during the last two weeks. 
Samples from plants dying earlier in the season had a very low grade. 
The average staple length from living plants was slightly shorter than 
from plants which died during the last week, but was slightly longer than 
from plants which died during the second week before harvest. The aver-
age staple length from plants dying more than two weeks before the first 
picking was considerably shorter than from living plants. The body and 
uniformity of the samples from plants dying during the last week were 
about the same as from living plants, but were lower from plants dying 
earlier. The maturity index and percentage maturity were lower from 
all dead plants than from living plants, and decreased in relation to the 
length of time the plants died prematurely. The breaking strength, as de-
termined by the Chandler bundle and fiat bundle methods, was higher 
from plants which died during the third and fourth weeks than any other 
dead or living plants. The strength of individual fibers was not deter-
mined. The ammonia and protein percentages of seeds were slightly 
higher from plants which died during the last week than from living 
plants, but plants which died during the second week had the same per-
centage as living plants. The ammonia and protein percentages decreased 
considerably in plants dying more than two weeks prematurely. The 
percentage oil in the seeds was highest in samples from living plants and 
decreased in relation to the length of the time the plants died prematurely. 
There was no difference in the quality of the seeds or lint in samples se-
cured from dusted and undusted plants. 
Athough the quality of the lint and seeds was low in samples from 
dead plants, this cotton made up only 4. 7 per cent of the total yield secured 
from all plants. The very low quality cotton from plants dying more than 
two weeks before the first picking made up 1.4 per cent of the total yield. 
Since all bolls which opened were picked, it is probable that the quality 
of the lint and seeds in these samples was lower than if the regular farm 
practice of leaving the small bolls had been followed. 
CONCLUSIONS 
Low yields from plants prematurely killed by root rot were not mate-
rially increased by controlling the flea hopper or boll weevil under the 
insect conditions existing during 1937-1939, inclusive. Those plants pro-
duced only a small amount of low quality cotton when there was no insect 
damage. The factor which determines the profit to be made from con-
trolling insects on land where cotton dies from root rot is the yield from 
living plants regardless of the percentage dying early in . the season. If 
the yield from living plants is sufficient for profitable cotton production, 
and insects are damaging the crop, control measur es should be used. 
EFFECT OF THE PRESENCE OF SALTS ON THE HYDROGEN 
OVERVOLTAGE OF SOLUTIONS1 
JOHN NELSON JUDY 
From the Department of Chemistry, Iowa State College 
Received May 22, 1941 
The direct method for measuring overvoltage has been used to deter-
mine the effect of the presence of salts in solution on the hydrogen over-
voltage at a nickel electrode. The effect of adding various salts to water, 
0.1 N sulfuric acid, and 0.1 N sodium hydroxide has been studied at dif-
ferent current densities. 
In each case the measurements have been made by determining the 
overvoltage of the original electrolyte at a definite current density, add-
ing a measured amount of a standard salt solution from a burette, and 
again determining the overvoltage. By the successive addition of small 
portions of the salt solution, the overvoltage over a wide range of con-
centrations for the salt was determined. The electrolyte was then re-
placed with more of the original solution, the current set at a new 
amperage, and the procedure repeated. During the addition of the salt 
solution the current was maintajned constant. In each case the solutions 
added were either molar or half molar with respect to the salt. In order 
that the concentration of the original electrolyte should not change due 
to the diluting effect of adding the salt solution, the solutions added were 
made 0.1 N with respect to acid or base. The solutions were prepared by 
placing the calculated amount of the Reagent Grade of the salt in a 1-liter 
volumetric flask, adding 100 milliliters of 1 N sulfuric acid or sodium 
hydroxide, and diluting with water to the mark. 
The effect of increasing the concentration of sulfuric acid, sodium 
hydroxide, or salts in pure water was studied. In every case the over-
voltage was high when the concentration was low. As the amount of 
electrolyte was increased there was a drop in the overvoltage. This drop 
was very rapid at low concentrations and became more gradual as the 
solution became more concentrated. 
Three types of salt solutions were added to 0.1 N sulfuric acid, 
namely, (a) a neutral salt, (b) basic materials, and (c) oxidizing agents. 
(a) When neutral sodium sulfate was added to sulfuric acid, the 
overvoltage was gradually lowered as the concentration of the sulfate 
was increased. 
(b) The addition of sodium hydroxide or salts of strong bases and 
weak acids to sulfuric acid in every case produced results that were 
very similar. As the amount of the added material was increased, there 
was a sharp increase in the overvoltage to a maximum. followed by a de-
1 Original thesis submitted July 16, 1940. Doctoral thesis number 584. 
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crease as the concentration was further increased. The maximum in most 
cases came close to the point at which equivalent amounts of acid and 
salt were present in the solution. In addition to sodium hydroxide, the 
other basic materials studied were sodium phosphate, potassium oxalate, 
sodium formate, sodium acetate, and sodium fluoride. 
(c) The addition of oxidizing agents, sodium chlorate, sodium nitrate, 
and sodium dichromate to sulfuric acid solution each caused a lowering 
of the overvoltage. With the first two of these salts there was a sharp 
drop as the first of the oxidizing agent was added followed by a more 
gradual fall as the concentration was further increased. With sodium 
dichromate the lowering was very great with a small concentration of the 
salt when the current density was low. At higher current densities there 
was a lowering of the overvoltage but the concentration had to reach a 
higher value before the effect was noticeable. 
The effect on hydrogen overvoltage produced by the addition of (a) 
neutral salts and salts of weak acids and (b) sodium dichromate to 0.1 N 
sodium hydroxide solution was studied. 
(a) In every case of the addition of a neutral salt or the salt of a 
strong base and a weak acid to sodium hydroxide there was a gradual 
decrease in the overvoltage as the concentration of the electrolyte was 
increased. 
(b) When the concentration of sodium dichromate in sodium hydrox-
ide was increased, there was at first a slight increase in the overvoltage 
followed by a lowering at higher concentrations. 
From the results obtained it can be seen that there is a direct rela-
tionship between the concentration of the solution and overvoltage. This 
is true in the case of sulfuric acid, sodium hydroxide, and salt solutions. 
When a basic material was added to sulfuric acid solution, the over-
voltage was increased to a maximum and then decreased as the concen-
tration was further increased. There are, in all probability, two factors 
at work producing this effect, namely, (a) reduction of the hydrogen-ion 
concentration due to neutralization, and (b) an increase of the total con-
centration of the solution. The first of these should cause an increase in 
the overvoltage, and the second should cause it to decrease. At first the 
effect of neutralization of the acid predominates, and the overvoltage is 
increased. This rise continues until the effect of increasing the total con-
centration has the greater effect and causes the overvoltage readings to 
drop. When an acid salt, sodium dichromate, was added to 0.1 N sodium 
hydroxide, similar results were obtained. The same two factors combine 
to produce this effect. The increase at first is due to the neutralization 
of sodium hydroxide followed by a subsequent decrease at higher con-
centrations. 
Since the addition of sodium sulfate, a neutral salt, to 0.1 N sulfuric 
acid has little or no neutralizing effect, the only factor at work in this case 
is the increase in the concentration of the solution. This accounts for the 
gradual lowering of the overvoltage that was observed. Similar results 
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were obtained when neutral salts or salts of weak acids were added to 
sodium hydroxide solution. The addition of the salt of a weak acid has 
little effect on the pH of a 0.1 N sodium hydroxide solution; thus the con-
centration of the solution is the most important factor. 
The addition of oxidizing agents to sulfuric acid solution caused the 
overvoltage to be lowered. This would indicate that oxidation of hydro-
gen at the electrode surface was taking place with the result that polariza-
tion was decreased. Very little hydrogen is liberated at an electrode 
when the current density is low and a low concentration of an oxidizing 
agent such as the dichromate ion, is sufficient to produce a large depolar-
izing effect. Hydrogen is liberated more rapidly at higher currents, and 
a greater concentration of the oxidizing agent is necessary to produce any 
noticeable lowering of the overvoltage. 
SUMMARY 
1. In this investigation the direct method for determining overvolt-
age in a number of solutions at a nickel electrode has been used. 
2. By adding concentrated solutions of various salts to sulfuric acid, 
sodium hydroxide, or water, the effect of the presence of salts on 
the overvoltage of solutions was determined. 
3. In acid solution: 
(a) The addition of a neutral salt produced a slight lowering of 
the overvoltage. 
(b) The addition of a basic material caused an increase in the 
overvoltage followed by a decrease as the concentration was 
increased. 
( c) Oxidizing agents caused the overvoltage to be lowered. 
4. In sodium hydroxide solution: 
(a) The addition of a neutral salt or salt of a weak acid caused a 
slight lowering of the overvoltage. 
(b) The addition of sodium dichromate caused the overvoltage to 
rise followed by a lowering as the concentration was further 
increased. 
5. At low concentrations of sulfuric acid, sodium hydroxide, or a 
salt in pure water, the overvoltage is very high. The value drops 
very rapidly at first and then more slowly as the concentration of 
the solute is increased. 
ANALYSIS OF CONTINUOUS SPACE FRAMES BY THREE-DIMEN-
SIONAL MOMENT-DISTRIBUTION AND SLOPE-
DEFLECTION METHODS1 
SHIH-CHING Lo 
From the Department of Civil Engineering, Iowa Sta.te College 
Received June 10, 1941 
Structural engineers have long been aware of the fact that structures 
very seldom lie in one plane as they are usually assumed in conventional 
method of analysis. 
The author, as an eager student to learn has, however, made his 
effort to develop the two methods herein given to solve continuous space 
frames by taking the whole structure as a unit of analysis. The moment-
distribution and slope-deflection methods which are generally used in 
solving planar continuous frames have been extended by the author to 
solve continuous space frames. 
For the purpose of discussion, frames used in structures can be 
divided into two main classes, trussed frames and continuous frames. 
Trussed frames can be statically determinate or statically indeterminate. 
Continuous frames are, however, all statically indeterminate. 
For the purposes of analysis continuous frames can be classified 
according to the number of possible directions of displacement: (1) no 
direction of displacement; (2) one direction of displacement; (3) two 
directions of displacement; (4) three directions of displacement. 
The same assumptions have been used by the author as those upon 
which the original moment-distribution and slope-deflection methods have 
been based. Additional assumptions required for the continuous space 
frames are: (1) The effects of "warping" of the cross section and of the 
change of moment of inertia due to the shifting of the neutral axis caused 
by torsion are neglected; (2) the conditions of equilibrium which apply 
to the structure as a whole, to each joint, and to each member are: 
::SFx = 0, ::$Fy = 0, ::SFz = 0, ~Mx =0, ~my= 0, ::SMz = 0. 
I. THREE-DIMENSIONAL MOMENT-DISTRIBUTION METHOD 
This method involves two distinct operations: First, to balance the 
moments and second, to balance the shears. To balance the moments at 
the joints, each joint is in a hinged-fixed condition which means that the 
joint is free to rotate but is prevented from linear displacement. This 
operation will set up unbalanced shears at each joint. To remove these 
unbalanced shears, the influence of the shear upon the moments on the 
whole frame must be determined. 
In order to find the influence of a shear upon all the members in a 
'Original thesis submitted June, 1941. Doctoral thesis number 637. 
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continuous space frame, the shear distribution method is developed. In 
applying this method a load is applied at one of the joints of the frame. 
The joints in line with the load are rigid-free, which means that the joints 
cannot rotate but can translate. All the other joints are considered for the 
time being as rigid-fixed, which means that they may neither rotate nor 
translate. Now the applied shear is distributed to each of the members 
adjacent to and perpendicular to the line of action of the applied shear. 
The amount of the applied shear carried by each member is proportional 
to the shear stiffness factors. These distributed shears are carried over to 
the other end of each member, where they are considered as newly applied 
shears and distributed as just outlined. By summing up these shears at 
the end of each member the corresponding bending moments can be com-
puted at these erids. 
When a unit shear is originally applied the moments thus obtained 
are called shear moment factors. Shear moment factors were devised by 
the author to correct the unbalanced shear somewhat similar to rectifying 
moments used in correcting the unbalanced shears in planar continuous 
frames. By alternately applying the two basic operations of balancing the 
moment and shears, the final solution will be obtained. 
II. THREE-DIMENSIONAL SLOPE-DEFLECTION METHOD 
This method is developed with two purposes in mind: First, to show 
that the historical method of slope-deflection is applicable to the solution 
of a continuous space frame; and second, to introduce a check of the three-
dimensional moment-distribution method for those who have greater 
confidence in the established slope-deflection equations. 
In space frames, there are three possible rotations with respect to 
each of the axes of reference. In addition, the frame may have one, two, 
three, or no possible directions of displacement depending upon the nature 
of the problem. With the rotations and deflections defined, the end 
moments and torques can be expressed in terms of these values. Now the 
equilibrium condition of moments at any joint will give as many simul-
taneous equations as there are rotations. The rest should be supplied by 
the consideration of shears. If the change of length of the member is 
neglected, the deflections of all joints lying in a straight line will be equal. 
If there is no external load applied along this line, the shears developed 
along this direction by all contributing members should be equal to zero. 
When there is an external load applied at a joint along this line, then the 
shears should be equal to the external load. Thus one can obtain as many 
simultaneous equations as there are deflections. It is evident that neces-
sary and sufficient numbers of simultaneous equations can be obtained, 
the solution of which needs no further description. 
THE ECOLOGY AND MANAGEMENT OF THE REDHEAD, NYROCA 
AMERICANA (EYTON), IN IOWA1 
JESSOP BUDGE Low 
From the Department of Zoology and Entomology, Iowa State College 
Received June 10, 1941 
An investigation of the Redhead, Nyroca americana (Eyton), con-
tinuing from March, 1938, to June, 1941, on the research area in Clay and 
Palo Alto counties had a threefold objective: (1) to determine the extent 
to which Redhead occurred and bred in Iowa, (2) to investigate further 
the life history and ecological relationships of this waterfowl species, and 
(3) to ascertain applicable management practices to improve the habitat 
of this bird. 
The research area known as the "Ruthven Area," which consisted of 
six lakes and numerous marshes and sloughs, was located within 5 miles 
of Ruthven, Iowa. These water areas ranged from 1,200 acres in the 
largest to less than one-quarter of an acre in the smallest, an aggregate 
of approximately 5,800 acres. 
Redhead reached the research area on their northern migration 
March 20, approximately. Peaks of spring migration were noted March 
21-25 and April 11-18, the latter dates representing the main flight. Large 
open lakes were indispensible as resting, feeding, and refuge areas to the 
3,000 to 4,000 Redhead observed on the marshes and lakes during the 
spring migration each year. Migrant Redhead preferred the open water 
of the lakes for resting at night, and bays of the lakes and large vegetation-
covered marshes were frequented in the daytime. 
The sex ratio was 1.42 males to 1 female among 3,400 Redhead. 
Toward the latter part of April the mated ducks left the deeper water 
areas to seek nesting sites in the vegetation of the shallow marshes and 
sloughs. Marshes of 10 acres, or larger, situated not further than one-
quarter mile from large permanent lakes were preferred nesting habitats. 
Although twenty-eight other species of marsh-nesting birds were observed 
in the marshes, there appeared to be no conflict between them and the 
Redhead. Numbers of early nesting Redhead as well as numbers of 
migrants were retarded by abnormally low temperatures during April 
and May, 1940. Nesting extended through 105 days, April 30 to August 
12, 1940, a period of 28 days longer than in the two previous seasons. 
During the period May 8-24 the nesting season was at its height. Late 
re-nesting attempts, initiated after previous nests were deserted because 
of a decline in the water level, accounted for the extended 1940 nesting 
season. 
A total of 160 nests were under observation: 42 in 1938, 53 in 1939, 
and 65 in 1940. Calculated on a 60 per cent nest find, these nests during 
' Original thesis submitted June, 1941. Doctoral thesis number 620. 
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the average year on the 925 acres of vegetation available for nesting repre-
sented a density of 1 nest to 10.6 acres. A high density of one nest to 2 
acres was found on each of several small potholes in Dewey's Pasture. 
Ninety nests (56.25 per cent) terminated successfully. Twenty-two 
nests (13.75 per cent) were destroyed, and 48 nests (30.00 per cent) were 
deserted. A rising water level flooded twelve (54.55 per cent) of the 
unsuccessful nests, while mink destroyed four (18.18 per cent), and crows 
destroyed two (9.09 per cent) nests. Unknown agents destroyed four nests 
(18.18 per cent). The recession of the water level, particularly in 1940, 
was responsible for the desertion of sixteen nests (10.00 per cent), while 
a comparatively stable water level was correlated with the high per-
centage (73.57 per cent) of nest success in 1939. The apparent intolerance 
of the females to the laying of eggs in their nests by other ducks resulted 
in the desertion of sixteen nests (10.00 per cent). The amount of "promis-
cuous egg-laying" was inversely proportional to the nesting success and 
directly proportional to the fluctuation of the water level. The Ruddy 
Duck (Erismatura jamaicensis rubida) laid eggs in 8.12 per cent of the 
Redhead nests. 
An average of 9.75 eggs were recorded for 115 complete clutches. 
No definite rhythm of incubation was carried out by the female. An 
average of 17.5 hours a day was spent on the nest by one closely observed 
female during the 24-day incubation period. Hatching started June 1 and 
ended August 12 when the last nest, one of the sixteen re-nesting attempts, 
hatched. A total of 45.05 per cent of the eggs produced young. Undevel-
oped eggs, probably infertile, represented 4.68 per cent of the total eggs, 
while partially developed embryos left in the nest after normal hatching 
occupied 5.48 per cent of the eggs. 
The most extensive nesting cover species were lake sedge (Ca.rex 
lacustris) 23 per cent, narrow-leaved cattail (Typha angustifolia) ·12 per 
cent, hardstem bulrush (Scirpus acutus) 10 per cent, and awned sedge 
( Carex atherodes) 10 per cent. The depth of the water in which the cover 
plants were located and proper interspersion and density of the nesting 
cover were more important criteria in the choice of nesting sites than was 
a preference which. the ducks had for any cover plant species. Nesting 
densities for the important cover plants were as follows: one nest to 3 
acres of slender bulrush (Scirpus heterochaetus), one nest to 6 acres 
of hardstem bulrush, one nest to 11 acres of whitetop (Fliiminea festu-
cacea), one nest to 13 acres of sedge and one nest to 16 acres of narrow-
leaved cattail. 
The nests were built in the marshes an average of 72 yards from the 
outer edge of the marsh vegetation, and 85 per cent of the nests were 
located within 50 yards of open water. The nearest open water for 64 
per cent of the nests was around muskrat (Ondatra zibethica) lodges. 
Nesting densities reached a maximum where not less than 10 per cent and 
not more than 25 per cent of the habitat was open water. Nests were con-
structed over water which averaged 11 inches in depth. 
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The hardstem bulrush-river bulrush (Scirpus fluviatilis)-bur 
reed (Sparganium eurycarpum) community was most important as juve-
nile rearing cover. Brood counts showed that the greatest mortality to 
juveniles was during the first week of life. Mortality during the average 
year accounted for 28 per cent of the juveniles. Evidence was noted of 
juvenile mortality from mink (Mustela vison), snapping turtle (Chelydra 
serpentina), lead poisoning, exposure to weather, congenital disabilities, 
and trampling by the female or other young. The flight of the juveniles 
from the Ruthven Area preceded the fall migration of northern Redhead 
by nearly a month. An average of 6.6 juveniles· (72 per cent) of each 
brood survived, which meant that 280 juveniles in 1938, 480 in 1939, and 
200 in 1940, approximately, were reared in the research area. Leeches 
(Theromyzon occidentalis) parasitized 80 per cent of the young Redhead, 
but were not found to be a cause of death. Lead poisoning was not a 
serious cause of mortality either to juveniles or adults. 
Redhead constituted approximately 5 per cent of the bagged birds 
checked in the research area during the 1939 shooting season. Cripple loss 
on all duck species was greatest in pass shooting (34 per cent) and least 
in shore-walking and jump-shooting (8 per cent). The need for additional 
public shooting grounds was evident from · the large concentration of 
hunters on the limited public shooting grounds of the research area. 
Food plants important to the Redhead were abundant in the research 
area. 
Drainage, drought, and overshooting were the three principal causes 
for decline in numbers of Redhead within recent years. The cutting of 
wild hay was not injurious to Redhead production in Iowa marshes. Large 
marshes were not affected by moderate livestock grazing, although small 
marshes (under 25 acres) should be protected from livestock. 
Improvement of the nesting habitat of the Redhead in Iowa must aim 
at the fulfillment of the needs of the bird, namely, water and emergent 
vegetation. As a means of habitat improvement it is suggested that dense 
blocks of unproductive nesting cover be opened up to provide an inter-
spersion of small areas of water with the cover. An adequate stabilized 
water level is the most important factor to insure the production and 
utilization of cover and food plants. 
The establishment and maintenance of an adequate water supply on 
some of the more unsuccessfully drained marshes and lakes in Iowa would 
not only be serviceable to the duck populations but would also serve as 
an important means of local control for two of Iowa's most annoying 
mosquitoes, Aedes vexans and Aedes trivittatus. 
ECOLOGY AND MANAGEMENT OF THE MOURNING DOVE, 
ZENAIDURA MACROURA (LINN.), IN SOUTHWEST IOWA1 
H. ELLIOTT McCLURE 
From the Department <Yf Zoology and Entomology, Iowa State College 
Received June 10, 1941 
The mourning dove, Zenaidura macroura (Linn.), was studied in 
southwestern Iowa at Lewis during 1938, 1939, and 1940 with special ref-
erence to its production, life history, and management. In 1938 and 1939 
all of the nesting sites available to the birds were examined every other 
day in Lewis (an area of 160 acres), and on alternate days at fourteen 
farmyards and five miscellaneous habitats (an area of 60 acres). In 1940, 
in order to concentrate the work on a smaller area, 10 acres in town, three 
farmyards, and a state park were visited every day. 
In the three years 2,876 separate nests were used 3,878 times by the 
doves. They laid 7,164 eggs and raised 3,396 young. In Cass county, towns 
make up 6 per cent of the area and produced 65 per cent of the birds, 
farmyards make up 1.6 per cent of the area and produced 20 per cent of 
the birds, while the remaining 92.4 per cent of the area produced only 15 
per cent of the birds. The average number of young produced in Cass 
county each year was 228,000. Nesting success dropped from 58 per cent 
in 1938 to 37 per cent in 1940. This decrease was the result of increased 
weather loss and predator damage. Even though losses increased, an 
average of seven young per acre in town were raised successfully, the 
birds compensating for losses by additional nest building. Farmyard nest-
ing success decreased constantly from loss of nesting facilities through 
destruction and death of trees. 
Doves do not breed until a year after they leave the nest. The male 
carries sticks and grass to the female who is on a location that they have 
both agreed upon, and she builds the nest by crossing the sticks beneath 
her. Requirements of a good nest site include ease of approach and de-
parture, visibility in all directions and concavity to support the nest. 
After building one or two days the first egg is laid, and on the following 
day the second is laid, but additional nest building continues through in-
cubation, 14 days. Average height of nests was 20.2 feet, average trunk 
diameter of trees used was 17.4 inches, and the average distance from the 
center of the tree at which nests were built was 11.2 feet. Nests were 
built on all sides of trees, but preferably to the leeward of prevailing 
winds. Preferred nesting trees in town were American elm (Ulmus 
americana), box elder (Acer negundo), soft maple (Acer saccharinum), 
red pine (Pinus resinosa), apple (Pyrus malus), Norway spruce (Picea 
abies), tamarack (Larix laricina), and blue spruce (Picea sp.) in that 
order, and in the country red pine, apple, soft maple, Scotch pine (Pinus 
'Original thesis submitted June, 1941. Doctoral thesis number 622. 
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sylvestris), Norway spruce, box elder, plum (Prunus americanus), and 
elm. Evergreens were used most heavily in the spring, but decreased in 
popularity as the deciduous trees came into leaf. Of the trees used, 1.1 
per cent bore ten or more nestings. 
Nests of the eastern robin (Turdus migratorius), bronzed grackle 
(Quiscalus quiscula), blue jay (Cyanocitta cristata), catbird (Dumatella 
carolinensis), brown thrasher (Toxostoma rufum), yellow and black-
billed cuckoos (Coccyzus americanus and C. erythr<Yphthalmus), English 
sparrow (Passer domesticus) , pigeon (Columba livia), rose-breasted 
grosbeak (Hedymeles ludovicianus), and fox squirrel (Sciurus niger) 
supported 11.8 per cent of the dove nests. Seventy-eight per cent of these 
were placed in robin and grackle nests, with a success of 55 per cent. 
The male dove incubates during the day, the female at night. Fifty-
five per cent of the eggs hatched and 83 per cent of the young were 
successful in leaving the nest. The average length of juvenile life was 
14.5 days, and an average of 1.82 young per nest was produced. The 
average number of nesting attempts per pair was six, with three success-
ful broods. 
Nests were often used again by the same or other pairs of doves, for 
74.3 per cent were used once, 18.8 per cent twice, 5.3 per cent three times, 
1.3 per cent four times, and .3 per cent five times. The number of renest-
ings increased as the season progressed. Nest building during the season 
was divided into three phases: acceleration phase during which more 
nests were gained than lost each day, between March 31 and June 8; the 
fluctuation phase between June 9 and September 1, when daily losses 
were quickly regained by more nest building; and the deceleration phase 
from September 1 to the close of the season in October, when more nests 
were lost each day than gained. · 
At hatching young weighed between 5 and 6 grams, and when 
they left the nest they weighed from 70 to 75 grams, having increased in 
weight each day as much as their original weight at hatching. Juveniles 
reached a hundred grams by the age of 30 days. Adult weight was from 
120 to 140 grams. 
The greatest destructive agent to dove nests was weather, taking 22 
per cent. The worse predators were blue jays, fox squirrels, cats (Felis 
domestica), and bronzed grackles in that order. Nests were subject to 
losses from many other causes. Forty-nine per cent of nest losses were 
of indeterminable origin. 
Young were fed pigeon milk and seeds regurgitated from the crops of 
both parents. Young instinctively know how to drink and fly but at 
weaning must learn to eat. Examination of the crops of young doves killed 
by accidents revealed a diet including the seeds of forty-four species of 
plants. Hemp (Cannabis sativa) ranked first in appearance in crops and 
by weight and volume. Green foxtail (Setaria viridis) ranked second in 
appearance and in numbers of seeds eaten. Yellow foxtail (S. glauca) 
ranked third in appearance and by volume and weight. Eleven other 
species making up more than 1 per cent by number, volume, and weight 
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were prostrate pigweed ( Amaranthus blitoides), pigweed (A. retroflexus), 
ragweed (Ambrosia artemisiifolia), sorrel (Oxalis stricta), the spurges 
(Euphorbia preslii, E. heterophylla, and E. maculata), corn (Zea mays), 
wheat (Triticum sativum), sudan grass (Sorghum sudanensis), and he-
gari (S. vulgare). Seventeen species of land snails and six species of 
aquatic snails were fed to the young in order to fill their calcium require-
ments. Forty-four per cent of these snails were of the genus Gastrocopta. 
Grit is essential, and doves eat from 50 to 100 pebbles a day. 
Doves make considerable use of the voice and have a number of 
different calls, commonest of which is the male's coo. Cooing activity was 
affected by the weather, temperature, and wind. There was less cooing 
during cloudy weather, high winds, and high temperature. It was greatest 
at morning and evening. 
Doves were occasionally parasitized by the hippoboscid (Microlynchia 
p'l.LSilla) the mallophagans Menopon sp., and Columbicola columbae, and 
the feather mite Liponyssus sylviarum. 
Young were banded between the ages of 4 and 9 days. Twelve re-
turns from 1,600 banded birds showed their migration from Iowa into 
Texas, Mexico, and Central America. Two per cent of the dove popula-
tion over-winters in Iowa. 
Management suggestions for the maintenance and increase of doves 
in southwestern Iowa includes the planting of American elms and ever-
greens in small towns. Management suggestions for the farm are to in-
crease the acreage of orchards, to plant more evergreen windbreaks, and 
to refrain from cutting over or overgrazing woodlands and gullies. 
BIONOMICS AND MORPHOLOGY OF THE BLACK ONION FLY, 
TRITOXA FLEXA (WIED.) (DIPTERA, ORTALIDAE) 1 
HUBERT CLYDE MANIS 
From the Department of Zoology and Entomology, Iowa State College 
Received June 10, 1941 
The black onion fly, Tritoxa fiexa (Wied.) is potentially a very serious 
enemy to onion growers throughout the North Central and New England 
States. The first account of it as an economic species is that given by Dr. 
Henry Shimer in "The Prairie Farmer" in 1865. Since that time it has 
been reported from Connecticut, New Jersey, Pennsylvania, Ohio, Indi-
ana, Wisconsin, Minnesota, California, and Iowa. In Iowa it is as serious 
a pest of onions as the onion maggot, Hylemyia antiqua Meig., in the onion-
growing localities of Pleasant Valley, St. Ansgar, and Clear Lake. 
Laboratory rearing methods were quite simple. The adults were fed 
a mixture of malt, yeast, honey, and water and were kept in large screen 
cages containing growing onions which provided a place for egg deposition. 
The larvae, for life history studies, were reared individually in onion 
bulbs placed in small, clear glass jars with screw-top lids. 
The black onion fly is a moderately large black fly with three oblique, 
hyaline crossbands on the wings, and is readily distinguished from all 
other species of flies which infest onions. The adult male and female of 
T. flexa are very much alike in appearance except in the region of the 
abdomen. In the male the abdomen is plump and more rounded with only 
4 abdominal segments visible from above, and the genital complex is not 
bilaterally symmetrical. In the female the abdomen is much more slender 
with five abdominal segments visible from above and the sixth segment 
distinctly flattened dorso-ventrally. The genital complex of the female 
consists of three segments and is bilaterally symmetrical. 
The white, semipolished egg is cylindrical, tapering gradually to the 
cephalic end to form a distinct micropyle. The egg is distinctly curved, 
and the surface sculpturing forms an irregular netlike pattern. The aver-
age length of the egg is 1.40 mm. and the average width is 0.30 mm. 
The larva is similar in shape to the general dipterous type larva, but 
can usually be distinguished from the larva of other onion maggots by the 
profile of the last segment, which is more squarely truncate, and by the 
absence of prominent tubercles around the margin of the anal field. The 
larval instars can be readily separated by differences in morphology. The 
great hooks of the first instar are bidentate, and the parastomal sclerites 
are absent. The first instar does not possess anterior spiracles, and the 
posterior stigmal plate bears a single v-shaped spiracular opening. The 
great hooks of the second instar are also bidentate, but the parastomal 
sclerites and the anterior spiracles are present. The stigmal plate bears 
1 Original thesis submitted June, 1941. Doctoral thesis number 628. 
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three spiracular openings and a button. The great hooks of the third instar 
are not bidentate, and like the second i~star, the parastomal sclerites and 
anterior spiracles are present. The stigmal plate is, in general, like the 
stigmal plate of the second instar, but is more heavily chitinized. 
The puparium is a typical dipterous type pupal case, reddish brown 
in color, and retains many of the external characters of the third instar 
larva. Its average length is 6.65 mm. 
The adults begin to emerge in May and apparently feed on the nectar 
of flowers and other plants in the fields. The female usually lives longer 
than the male. Copulation most often occurs in the late afternoon when 
the flies are congregated on weeds and grasses around the margins of the 
fields. One female may mate as high as seven times during the oviposition 
period and it is not uncommon for her to mate more than once before 
ovipositing. The preoviposition period is usually about two weeks in 
length, but this period varies considerably. 
Oviposition usually occurs in the early morning or late afternoon. 
The eggs are deposited singly or in masses in the soil about the base of the 
plant, on the leaves and stems, and between the leaf sheath and the stem. 
The highest number of eggs laid by a single female was 109. The eggs 
hatch in about 4 days, and the young larvae begin to feed almost imme-
diately. Development during the first and second stadia is quite rapid 
and requires approximately 10 days. Development during the third 
stadium is much slower since this stadium is more than two weeks in 
length. Larvae migrate very little except in search of food and just prior 
to pupation. When the larvae become fully mature they nearly always 
leave the bulb and burrow into the soil for a short distance before pupat-
ing. The puparium is usually found about 3 inches under the soil and close 
to the infested bulb. The pupal stage lasts approximately two weeks. 
There are two and a partial third generations a year in Iowa. Because 
of the long oviposition period and the wide range in the length of larval 
development there is an overlapping of generations. All stages of the 
life cycle can be found in the fields at the same time during the summer 
months. The biggest percentage of maggots overwinter as partially 
grown larvae in the onion bulb, although some of them pupate and pass 
the winter in that stage in the soil. The sex ratio of reared individuals was 
approximately 50-50. 
The known host plants of T. flexa are limited to cultivated varieties 
of onions and chives. Since this insect is native it undoubtedly will feed 
on species of wild onions. It shows a preference for the yellow bottleneck 
and white Bermuda onion when these are available. 
In Iowa, in the field, most of the economic damage is done to young 
seedling onions. This is due to the fact that a single maggot can destroy 
several such plants before reaching maturity. Only under conditions of 
extremely heavy infestation will there be much loss to set onions. When 
heavily infested, the plants are completely destroyed, leaving only the 
tops and outer husks of the bulbs. 
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The only parasite found attacking T. flexa was an undetermined 
species of fungus, which occasionally attacks the larvae. This insect may 
have a number of parasites but none were ever reared from larvae or 
adults collected in the field nor does literature record any. Many species 
of spiders prey upon the adults and probably many predacious insects 
attack them in the field, although none were observed to do so. 
Many species of flies were found associated with T. flexa in the field. 
The most common are Tritoxa incurva Loew., the onion maggot (Hylemyia 
antiqua Meig.), the seed corn maggot (Hylemyia cilicrrura Rond.), the 
barred wing onion fly (Chaetopsis aenea Wied.), the spotted root fly or 
cantaloupe fly (Euxesta notata (Wied.) ) , the lesser bulb flies (Eumerus 
strigatus Fall. and Syritta pipiens L.), and the stratiomyid (Ptecticus 
trivittatus Say). 
CONDENSATION OF MERCAPTANS WITH CHLORAL IN THE 
GASEOUS PHASE1 
FRANCIS B. MOORE 
From the Department of Chemistry, Iowa State College 
Received May 22, 1941 
There are two opposing opinions as to the effect of the solvent upon 
the numerical value for the dissociation constant of a substance. Accord-
ing to one viewpoint2 the effect is additive and predictable, while from 
anotherll it is irregular and the gaseous phase dissociations furnish the 
true measure of the equilibrium. 
The electron-sharing ability of an organic radical4 is a measure of its 
influence upon the polar characteristics of its compounds. If the solvent 
effect upon the dissociation constant is large, the constant determined in 
solution would not show the same relationship to the electron-sharing 
ability as that determined in the gaseous phase. A comparison of results 
obtained in both states is therefore of great interest and is the purpose 
of this investigation. 
Chloral was condensed with methyl, ethyl, butyl, and allyl mercaptan 
in the gaseous phase to form the corresponding hemimercaptals. The 
dissociation constants for the reaction 
Cl8C - CH (OH) SR = Cl3C - CHO + RSH 
were calculated from the pressures of the three constituents in the equi-
librium mixture. 
Ethyl and methyl mercaptan were obtained from the Eastman Kodak 
Company and fractionally distilled. Their boiling points were 36° and 
6-7°, respectively. Butyl mercaptan, boiling point 97°, was prepared by 
the method of Ellis and Reid5 • Allyl mercaptan, boiling point 67-68°, 
was prepared by the method of Braun and Murjahn6• Chloral was pre-
pared from chloral hydrate by dehydrating it with concentrated H2S04• 
The fraction boiling at 97° was used. 
The apparatus used in these determinations consisted of a breaking 
device for liberating equimolar quantities of chloral and mercaptan and 
a trace of dry HCl into a reaction flask of 1,130 ml. capacity. After each 
constituent had been released its pressure was balanced by admitting dry 
nitrogen to a balance flask. The condition of balance was determined by 
means of a new type of balance gauge consisting of a mercury manometer 
1 Original thesis submitted August 21, 1940. Doctoral thesis number 593. 
2 Goodhue and Hixon, J. Am. Chem. Soc., 56, 1329 (1934) . 
• Conant, Ind. Eng. Chem., 24, 466 (1932) . 
•Hixon and Johns, J. Am. Chem. Soc., 49, 1786 (1927). 
' Ellis and Reid, J. Am. Chem. Soc., 54, 1674 (1932). 
• Braun and Murjahn, Ber., 59B, 1202 (1926). 
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TABLE 1 
THE DISSOCIATION CONSTANTS OF A SERIES OF liEMIMERCAPTALS IN THE GASEOUS PHASE 
Ptota t Ptota l Pt due P ehl PRsH K, 
MxlO' Mx10• Pehl PRsa* (initial) (final) to reaction final final (atm.) 
RSH Chloral (mm) (mm) (mm) (mm) (mm) (mm) (mm) (25°C.) 
C2H.SH 
4.102 4.089 0.587 0.617 1.204 1.013 0.191 0.396 0.426 l.16X 10-' 
4.238 4.083 0.667 0.696 1.363 1.152 0.211 0.456 0.485 L38x 10-• 
0.898 0.990 0.125 0.116 0.241 0.228 0.013 0.112 0.103 u1x 10-• 
C,H,SH 
2.290 2.311 0.340 0.345 0.685 0.372 0.313 0.027 0.032 3.63 x 10-":f: 
1.169 1.200 0.162 0.163 0.325 0.228 0.097 0.065 0.066 5.82 x 10-• 
0.887 0.826 0.120 0.131 0.251 0.184 0.067 0.053 0.064 6.6sx10-• 
CH.SH 
0.877 0.995 0.139 0.136 0.275 0.217 0.058 0.081 0.078 L43x10-• 
6.769 6.598 0.982 1.071 2.053 1.282 0.771 0.211 0.300 1.08X10-' 
Cali.SH 
1.984 2.145 0.298 0.280 0.578 0.443 0.135 0.163 0.145 2.3o x 10-• 
2.799 2.895 0.419 0.421 0.840 0.520 0.320 0.099 0.101 4.11 x 10-"t 
1.547 1.519 0.226 0.226 0.452 0.341 0.111 0.115 0.115 1.57x 10-• 
•This value was read from the gauge as follows: the deflection P.roduced by the chloral was measured 5 minutes after the compound had been 
released. The deflection produced by the RSH compound was similarly measured. From the ratio of these deflections and the measured pressure 
of the chloral, the pressure of the RSH compound was calculated. 
t This value is the pressure due to the hemlmercaptal formed. 
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of large area cross-section in conjunction with a horizontal capillary tube. 
Dicyclohexyl extended from one mercury surface into the capillary 
tube, and this meniscus registered any difference in pressure between the 
reaction and balance flasks. The gauge was sensitive to differences of 
0.001 mm. and could be used for pressure differences up to 2 mm. When 
balance had been established the pressure was read by means of a 
McLeod gauge. 
The results obtained in these experiments are shown in Table 1. In 
columns 1 and 2 are shown the number of moles of mercaptan and chloral 
released. Columns 3 and 4 give the pressure produced by the release of 
the chloral and mercaptan. The pressure when equilibrium had been 
established is given in column 6. Columns 7, 8, and 9 give the pressures 
of the three constituents in the equilibrium mixture from which the dis-
sociation constant given in column 10 was calculated. It was noted that 
condensation of butyl hemimercaptal occurred at a pressure of 0.685 mm., 
and ally! hemimercaptal at 0.840 mm. 
The free energies of dissociation in benzene and in the gaseous phase 
were calculated using the relationship ~F0 = - RTlnK and are shown in 
TABLE 2 
F'ru:E ENERGIES OF HEMIMERCAPTALS IN BENZENE AND THE GASEOUS PHASE 
Hemi- K dlHOC K x K.atm AF°Cal. AF°Cal. 
mercaptal Benzene Benzene Gaseous Benzene Gaseous 
n-C,H. 2.0 x 10-• 1.5 x10-• s.24x 10-• 5.2 5.7 
C.H. 2.35x 10-• 2.1 x 10-· l.24 x 10-• 5.0 4.0 
CH. L26x 10-· 5.3 
C.H. 1.94x 10-· 5.1 
C.H.CH2 2.8 x 10-• 2.4 x10-• 4.9 
p-CHaCJI, 1.5sx 10-• 1.2 x10-• 4.0 
CJI. 2.1 x 10-2 l.63 x 10 ·• 3.8 
p-ClCJI. 4.1 x 10-• 3.2 x 10-• 3.4 
Table 2. Column 1 gives the values previously determined in this labora-
tory7. Column 2 shows these values recalculated in terms of mole fractions. 
Column 3 gives the average values obtained from Table 1. Columns 4 
and 5 show the free energy changes calculated from columns 2 and 3. 
With the exception of the value for the ethyl hemimercaptal, the 
trend in the gaseous phase seems to differ little from that in the benzene 
solution, indicating but little solvent effect. It seems probable that no 
significant differences exist between the results obtained in the two 
phases, and that the electron-sharing abilities of the radicals are the same 
in benzene solution and the gaseous phase. It is evident that the effect 
of the benzene solvent upon the value of ~F0 for these dissociations is 
slight. Since the measurement of gaseous equilibria at low pressures is 
' Johns and Hixon, J . Am. Chem. Soc., 56, 1333 (1934). 
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tedious and subject to experimental error, there is no advantage to be 
gained in this case. 
Equilibrium between gaseous chloral, mercaptan, and hemimercaptal 
was established in from 24 to 72 hours. The dry HCl catalyst which is so 
essential when the reactions are run in benzene solution has no apparent 
effect upon the reactions in the gaseous phase. Equilibrium was estab-
lished at the same velocity when it was absent as when it was present. 
RELATIONSHIP BETWEEN THE ELECTRON-SHARING ABILITY 
OF RADICALS AND THE IONIZING POWER 
OF NON-AQUEOUS SOL VENTS1 
FRANK J. MOORE 
From the Department of Chemistry, Iowa State College 
Received May 22, 1941 
The main factors affecting ionization of a given acid in a solvent are: 
(1) The basicity of the solvent (its ability to accept protons). 
(2) The dielectric constant of the solvent. 
In a general way, the greater the dielectric constant of a solvent, the 
greater is its ionizing power. This has long been known, and as a conse-
quence the latter of the above two factors is commonly regarded as de-
termining the ionizing power of a solvent. However, many exceptions to 
this rule have been noted, particularly with solutions in non-aqueous 
solvents. 
The following reaction is written to illustrate the ionization of an 









It has been shown that ionization of this type is dependent on pre-
liminary compound formation between solvent and solute, as shown 
above, and that the degree of ionization increases as the extent of inter-
mediate compound formation increases. Hunt and Briscoe2 interpreted 
this as being due to the formation of coordinate-covalent bonds between 
the hydrogen of the acid and a donor atom in the solvent molecule. Fur-
ther, they stated that the ionization of the acid should be dependent on 
the electronic properties of the groups attached to the donor atom in the 
solvent molecule. If these were "electropositive" groups, enhancing the 
donor power of the donor atom, intermediate compound formation and 
ionization should be relatively large. The opposite effect was predicted 
for "electronegative" groups. 
The electron-sharing ability (abbreviation, E.S.A.) of a radical may 
be visualized as its tendency to attract or release the electrons in the 
bond uniting it with another atom in a chemical compound, relative to 
the tendency of hydrogen, attached in the same way, to attract or release 
these electrons. Radicals of large E.S.A. tend to attract electrons; radi-
cals of small E.S.A. tend to release them. 
1 Original thesis submitted December 18, 1940. Doctoral thesis number 597. 
' Hunt and Briscoe. J. Chem. Ed. 6:1716 (1929). 
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Returning to the example above, it may be seen that if Risa radical 
of large E.S.A., it will attract electrons toward itself, tightening the 
electron octet of the oxygen atom and restricting its donor power. This 
means that the extent of intermediate compound formation (and hence 
ionization) will be relatively slight. Radicals of small E.S.A. should have 
an opposite effect. 
The solvents chosen for this investigation had nearly equal dielectric 
constants, so that variations in the extent of ionization of picric acid in 
the solvents should depend solely on their basicities. Both the cryoscopic 
and conductimetric methods were used for measuring the ionization. 
For the cryoscopic measurements a series of ketones of the type 
RCOC6H5 was employed. Picric acid was the solute in all cases. The 
usual cryoscopic apparatus was used to make the measurements, and the 
degree of dissociation was calculated from the apparent molecular weight. 
Results are given in Table 1. Although runs were made for a series 
of solutions in each solvent, data are presented for only two concentra-
tions (mole fraction of picric acid) to avoid multiplicity of examples. 
TABLE 1 
IONIZATION OF PICRIC ACID IN KETONES RCOCJI. 
Dielectric E .S.A. Per Cent Ionized 
Substance Constant of R 0.012 NA 0.010 NA 
Propiophenone .. ... ...... .... .. 15.5at17° -1.80 79 83 
Acetophenone ... ........ ....... 18.1at20° -1.45 73 76 
Phenyl p-tolyl ketone ...... .... None reported 2.90 28 35 
Benzophenone ...... .. ...... ... 12.4 at 40° 4.20 13 19 
11.4 at 60° 
Ionization was determined in other solutions by the conductance 
method, which is superior in many ways to the cryoscopic method. The 
solvents were ketones (RCOCH3) and nitriles (RCN). The solute was 
picric acid in all cases. Results are given in Table 2. 
Results obtained by both methods bear out the predictions made in 
the previous part of this paper. As the E.S.A. of R increases, the ionizing 
power of the solvent decreases. The dielectric constant is apparently of 
secondary importance in determining the extent to which these solvents 
ionize picric acid. 
TABLE 2 
loNIZATION CONSTANTS FOR PICRIC ACID IN NON-AQUEOUS SOLVENTS AT 25°C 
Dielectric E .S.A. Ionization 
Substance Constant of R Constant 
Methyl ethyl ketone ............... 17.8 at 20° -1.80 l.98x 10-• 
Acetone ..... ........ ... ........... 21.5 at 20° -1.45 1.38X10-' 
Acetophenone ........ ......... .... 18.1at20° 4.20 1.5ox 10-• 
Propionitrile ... .... .. ..... ...... .. 27.0 at 20° -1.80 4.25 x 10-• 
Benzonitrile .......... ............. 26.5 at 20° 4.20 Lo2x10-• 
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Association of the solvent has a profound effect on the rate at which 
ionization takes place. Some of these solvents possess methylene groups, 
the hydrogen of which is replaceable by metal. The work of Landee3 has 
shown that compounds of this type can associate by hydrogen bridge 
formation. 
The maximum covalence of oxygen is believed to be three. There-
fore, when molecules containing this atom associate, the donor power of 
the oxygen atoms is used up in forming the association bond, and these 
atoms cannot solvate the acid. Thus, if the dissociation of associated mole-
cules into single molecules (able to solvate the acid) is slow, this might 
well be the controlling rate in the ionization process. Something of the 
sort appears to be the case. In those solvents where association was 
possible, ionization was always slow, requiring sometimes more than 
three days to reach equilibrium. Where association was not possible, 
three hours was sufficient for this result. 
This indicates a possible connection between the association of a 
solvent and its ionizing power. It has long been recognized that solvents 
possessing fair degrees of ionizing power were associated in the liquid 
state. The fact that the solvent is associated indicates the presence in its 
molecule of atoms of considerable donor power, and as was shown in the 
work discussed above, the ionization of acids is dependent on this same 
property. If the assumptions made above, regarding the solvating power 
of the association complex, are valid, then the ionizing power of such 
solvents must not be due to their association, but rather in spite of it. 
' Landee, Doctoral thesis number 504. Library, Iowa State College (1938) [Un-
published]. 
SOME METAL-METAL INTERCONVERSIONS WITH 
ORGANOLITHIUM COMPOUNDS1 
FRED WARREN MOORE 
From the Department C1f Chemistry, Iowa State Coilege 
Received May 22, 1941 
Organolithium compounds have become important aids in organic 
syntheses and have been used in many types of reaction. A survey of 
these reactions was presented with special emphasis being given the many 
different reactions these compounds undergo. The investigation of metal-
metal interconversion reactions with organolithium compounds was made 
to increase the present knowledge of this useful reaction and to correlate 
the relative reactivities of organometallic compounds in this reaction with 
the reactivities observed in other types of reaction. 
A study of the preparation of organolithium compounds by the reaction 
of organic halides with lithium metal in solvents other than diethyl ether 
was made. It was found that low-boiling petroleum ether (b.p. 28-38°) 
was a very satisfactory solvent for the preparation of the lower alkyl-
lithium compounds with the exception of methyllithium. Yields were 
higher than those obtained using diethyl ether as solvent, especially in 
the cases of iso-propyllithium and s-butyllithium. The use of low-boiling 
petroleum ether as a solvent permitted the preparation of a new organo-
lithium compound, t-butyllithium. The series of saturated alkyllithium 
compounds in which the metal atom is attached to a primary, to a secon-
dary, and to a tertiary carbon atom, respectively, is now complete. In ad-
dition to the higher yields obtained, other advantages were found in the 
use of this solvent. Its low boiling point facilitated its removal and re-
placement by other solvents. The fact that it is unaffected by organo-
lithium compounds, in contrast to diethyl ether, allowed the preservation 
of stock solutions which were found to be unchanged after long periods. 
Filtration, using a simple, easily constructable apparatus, removed in-
organic by-products. The resulting clear, water-white solutions of organo-
lithium compounds were useful in many reactions where the presence of 
excess lithium metal and inorganic salts was undesirable. 
The metal-metal interconversion reaction is apparently quite general. 
The reaction, in general form, may be written as follows: 
RM + R'M' +:±RM' + R'M 
The extent and direction of this general reaction· is determined by several 
factors. Some of the more important of these were found to be the solvent 
used, the nature of the organometallic compound and the time allowed for 
reaction to take place. Moderate temperature changes were found to 
have little effect. 
1 Original thesis submitted March 13, 1941. Doctoral thesis number 602. 
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With a given pair of organometallic compounds the most important 
factor was found to be the solvent used. Thus, with tetraphenyllead and 
n-butyllithium in diethyl ether, reaction to form tetra-n-butyllead and 
phenyllithium occurred to the extent of 70 per cent. Using benzene as 
solvent, only a slight interconversion was · noted, whereas in petroleum 
ether no interconversion could be detected. In a similar manner the inter-
conversion reaction between tetra-p-chlorophenyltin and n-butyllithium 
. in diethyl ether took place to the extent of 72 per cent in 10 minutes, but 
in benzene-petroleum ether only 40 per cent interconversion had taken 
place in 4 hours. 
The nature of the organometallic compounds was found to be an im-
portant factor, also. The reaction of tetraphenyllead with alkyllithium 
compounds in diethyl ether solution showed the following order of de-
creasing rates of interconversion: ethyl, n-propyl, n-butyl, methyl. With 
tetra-p-chlorophenyltin and the isomeric butyllithium compounds in 
petroleum ether the order of decreasing rates of interconversion obtained 
was: n-butyl = iso-butyl = s-butyl > t-butyl. The reaction of various 
organometallic compounds with n-butyllithium in diethyl ether showed 
the following order of decreasing rates of interconversion: tetraphenyltin, 
tetraphenyllead, tetra-o-tolyllead. 
The tendency of radicals attached to metals like tin, lead, and mercury 
to be cleaved and become attached to lithium in the metal-metal inter-
conversion reaction was found to decrease in the following order: 
p-chlorophenyl, p-tolyl, phenyl, o-tolyl. 
These results indicated that the order of cleavage of radicals from 
organometallic compounds was dependent on several factors other than 
the nature of the radical. Such factors as the solvent used, the nature of 
the metaliic atom holding the radical, and the nature of the cleaving agent 
were found to play important roles. The electronic configuration of the 
radical is not the only characteristic determining its order of cleavage. 
The order is somewhat dependent on the spatial configuration, also, as was 
shown by the low rate of interconversion of tetra-o-tolyllead by n-butyl-
lithium and of diphenylmercury and dibenzylmercury by t-butlyllithium. 
Correlations of the relative reactivities of organometallic compounds 
in metal-metal interconversion reactions with observed reactivities in 
other types of reaction, like halogen-metal interconversion and hydrogen-
metal interconversion, (metalation) were not possible in all cases. This 
may be due, in part, to side reactions which take place in many of these 
reactions. Among these may be mentioned the cleavage of solvents like 
diethyl ether by the organolithium compounds and coupling reactions in 
halogen-metal interconversion reactions. 
THE CONCENTRATION, CHARACTERIZATION, AND PROPERTIES 
OF SOYBEAN AMYLASE1 
J. MARSHALL NEWTON 
From the Department of Chemistry, Iowa State College 
Received June 10, 1941 
Preliminary investigations indicated that the soybean is a good 
source of an enzyme which will hydrolyze starch to reducing sugars. 
The enzyme content of the soybeans was found to differ from variety to 
variety. A difference in the amylase content of the same variety from 
year to year is also indicated. Germination of the soybeans under condi-
tions which reduced the bacterial growth to a minimum produced a small 
decrease in the amylolytic activity of the beans. The decrease in the total 
amylase content during germination is in contrast to the marked increase 
produced by germination of most seeds. The increase is generally ex-
plained as due to the formation or liberation of a-amylase during the 
germination. For some reason the soybean lacks this ability to produce or 
liberate a-amylase during the sprouting process. 
Fractional precipitation of alcoholic extracts of the soybean yield 
concentrates with high amylolytic activity. A maximum concentration of 
225-fold has been obtained by this method. The most highly active con-
centrate acting on a gelatinized starch was capable of producing 4,580 
times its weight of maltose in 30 minutes at 40° C. When allowed to act on 
soluble starch, 0.033 milligrams of this concentrate converted 10 grams of 
the gelatinized starch to maltose (60 per cent) and limit dextrin (40 per 
cent) in 36 hours at 40° C. This corresponds to a saccharogenic activity 
of 181,000. 
The application of the concentration procedure to the low-activity 
enzyme concentrates gave products of considerably higher activity. The 
recovery of the enzyme in three concentration experiments was 63.2 per 
cent, 60.8 per cent and 68.0 per cent. By re-working such low-activity 
concentrates, the amylase concentration has been increased as much as 
tenfold in one operation. Since a large portion of the total amylolytic 
enzyme extracted from soybeans remains in the low-activity concentrates, 
a method for their further concentration is of much value. 
The classification of the amylolytic enzyme of soybeans as ~-amylase 
rests on a series of measurements and observations which are considered 
as indicative of the amylase type. Characterization of the enzyme by the 
diffusion method of Wijsman, determination of the amyloclastic power of 
the concentrates, the mutarotation of the starch degradation products, 
the isolation of maltose and a residual dextrin as the starch degradation 
products, the viscosity changes of the starch substrate during digestion, 
and the iodine-color reaction of the degradation products characterize the 
1 Original thesis submitted June, 1941. Doctoral thesis number 605. 
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starch-hydrolizing enzyme of soybeans as B-amylase. The only evidence 
which points toward the presence of a-amylase in the concentrates is the 
marked ability of the enzyme to reduce the relative viscosity of the starch 
pastes in the early stages of the hydrolysis. However, since soybean amy-
lase is one of the most powerful sugar-forming enzymes, this sugar coming 
from the hydrolysis of the starch substrate, it is not disturbing to observe 
a marked decrease in the relative viscosity of the substrate during diges-
tion by B-amylase. 
The purified soybean B-amylase concentrates were very stable. A 
dry concentrate with a saccharogenic activity of 600 showed no decrease 
in activity over a storage period of twenty-six months at 5° C. Aqueous 
solutions of the soybean B-amylase were also remarkably stable, this 
stability being proportional to the purity of the concentrates. A concen-
trate with a saccharogenic activity of 4,580 retained 87 per cent of its 
activity after 34 days in an aqueous solution maintained at 24-28° C. 
Considerable evidence as to the nature of the products formed from 
starch by the action of soybean B-amylase is available from the literature. 
In order to compare the action of the B-amylase with the action of a-amy-
lase, it was necessary to have some idea of the nature of the products 
formed by the action of the latter enzyme on starch. With this objective 
in mind, the fractionation of the degradation products formed by the 
action of a-amylase on starch and the characterization of the products 
by physical and chemical means were carried out. 
The physical and chemical properties of the various fractions of the 
degradation products isolated from the digestion of cornstarch by a-
amylase indicate that the materials range from highly polymerized in-
soluble polysaccharides to very soluble di- and tri-saccharides. Attempts 
to separate these digestion products into definite chemical identities were 
not successful. In the various purification procedures, fractions with 
similar properties were obtained, but further fractionation gave a series 
of dextrins with a range of properties. 
A highly insoluble polysaccharide was isolated from the a-amylase 
digestions of cornstarch in about 5 per cent yields. This water-
insoluble fraction resembles the insoluble material which forms in B-
amylase digestions. However, the a-amylase product does not flocculate, 
is more insoluble, and is obtained in higher yields than is the B-amylase 
product. Further investigations of the a-amylase product are needed to 
point out the similarities and differences between the water-insoluble 
materials produced by the two amylases. 
The fractionation of the degradation products formed by the action 
of a-amylase on waxy maize starch was more readily accomplished than 
with the cornstarch degradation products. Although fractionation was not 
complete, the properties of certain of the products indicate that they con-
sist primarily of the same, or very similar, materials. 
Four corn dextrins and three waxy maize dextrins were selected as 
typical fractions and were subjected to physical and chemical measure-
ments. The molecular weights of the dextrins were calculated from the 
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freezing-point depressions of the dextrins in water, the freezing-point 
depressions of the acetates in benzene, the reducing equivalent of the 
dextrins and from the iodine and potassium hydroxide consumption in 
the Kline and Acree method for the determination of aldose sugars. The 
molecular weights calculated from the reducing equivalent, the iodine 
and potassium hydroxide consumption, and the freezing-point depres-
sions of the acetates agree quite satisfactorily in most cases. In contrast, 
the molecular weights as calculated from the freezing-point depression of 
the dextrins in aqueous solution are much below the values obtained 
from the other data. However, the abnormal freezing-point depression of 
dextrins and similar polyhydroxy compounds is the rule rather than the 
exception. 
The potassium salt of the acid formed by the oxidation of one of the 
corn dextrins w·as isolated and the potassium content determined. From 
the potassium analysis the calculated molecular weights of the salts were 
913 and 901, which gives corresponding values of 875 and 863 for the 
molecular weight of the original dextrin. This compares to a value of 
880 calculated from the iodine consumed in the oxidation. This indicates 
that the aldehyde groups in the dextrins were oxidized to the corres-
ponding acid, the acid then being neutralized by the potassium hydroxide 
to give the potassium salt. 
A further aid in characterization of the dextrins and dextrin acetates 
was furnished by the melting points of the dextrins and dextrin acetates. 
Although the melting points were not sharp, often varying over a 10-20° 
range, they served to prevent the identification of some of the fractions 
as known simple sugars or their derivatives. 
A study of the reaction of some of the low molecular weight fractions 
with liquid phenylhydrazine shows that compounds are not formed. Re-
peated precipitation of the products from various solvents yields a bright-
yellow, amorphous product. However, all of the color and the nitrogen 
were removed from an aqueous solution of the products by adsorbent 
charcoal. The dextrinous material recovered after adsorption of the color 
was very similar to the original dextrin. 
QUANTITATIVE VOLUMETRIC TITRATION OF HEAVY METALS 
HOWARD FREDERIC NICOLAYSEN 
From the Department of Chemistry, Iowa State College 
Received June 10, 1941 
A great many precipitates of metals are known which should bl 
easily oxidized. Quite a number of these involve organic precipitants. 
The purpose of this research was to see if various precipitates oi 
nickel and cobalt could be oxidized quantitatively. Such oxidations migh1 
serve as bases for quantitative volumetric determinations of these metals. 
Studies were made of the compounds of nickel with dimethylglyoxime, 
cobalt with alpha-nitroso-beta-naphthol, cobaltous tetrapyridine thio-
cyanate and the triple nitrite of potassium, cobalt, and lead. 
Oxidation of alpha-nitroso-beta-naphthol was attempted first. Potas-
sium permanganate was used as the oxidizing agent in both acid and alka-
line solutions. Various concentrations of acid or base and of permanganate 
were used. The samples were allowed to stand after the reagents were 
mixed. Some samples were heated to boiling, and some left cold. 
The results of these trials revealed greater oxidation in acid solution. 
More consistent data were obtained by using alkaline solutions. A strongly 
alkaline solution and a great excess of permanganate were found neces-
sary. Little difference was noted in results whether the solution was 
boiled or left cold. 
With these conditions maintained, direct oxidation of the cobalt 
compound was attempted. No success was had in these experiments. 
Indirect determination of cobalt was attempted by precipitating with 
known excesses of a solution of the naphthol in 50 per cent acetic acid. 
Most of the curve obtained by plotting the permanganate requirement 
against the volume of naphthol was approximately linear. This fact indi-
cated the possibility of determining limited quantities of cobalt. 
Blanks on the acetic acid contained in the naphthol solution demon-
strated the necessity of correcting the permanganate requirement. Sub-
traction of the amounts required for the blanks gave poor results. When 
a series of samples containing a constant volume of acetic acid were 
oxidized, proportionality between the naphthol and permanganate was 
indicated. 
Small amounts of cobalt were then precipitated with constant amounts 
of naphthol, and the excess of the latter oxidized. A straight line relation 
between the amounts of cobalt and permanganate was found. 
It was concluded that small amounts of cobalt could be determined in 
a strongly alkaline solution in the presence of a large excess of permanga-
nate. 
' Original thesis submitted June, 1941. Doctoral thesis number 621. 
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The limitation of amount determinable and the fact that the deter-
mination would be indirect and could not take proper advantage of the 
separation from nickel caused abandonment of the method as a practical 
method for the determination of cobalt. 
A study was made of the cobaltous tetrapyridine thiocyanate precipi-
tate announced by Spacu and Dick (1). It was thought possible to oxidize 
the thiocyanate with iodate as in the copper determination (2). 
The neutral solution containing cobalt and ammonium thiocyanate 
was heated to boiling and pyridine added. When cool the solution was 
filtered through a crucible with a fritted glass bottom. It was found that 
1 ml. of water was sufficient to vvash the precipitate. The precipitate was 
transferred to an iodine flask and titrated with iodate in a strongly acid 
solution. Analyses of a cobalt salt by this method gave slightly low 
results. 
A volumetric determination of potassium was reported by Bulli and 
Fernandes (3). This involved the oxidation of the triple nitrite of potas-
sium, cobalt, and lead by an excess of potassium permanganate and titra-
tion of the excess permanganate by oxalate. 
It was thought possible that this method might be adapted to the 
determination of cobalt. Saturated solutions of lead nitrate and sodium 
and potassium nitrites were added to a cobalt salt. The mixtures were 
agitated and allowed to stand. The precipitate was washed with water 
and permanganate added. The suspension was stirred thoroughly while 
being heated to 80°C. Sulfuric acid and oxalate were added, and the 
solution heated again and titrated. 
Although results for the potassium determination are high when 
small amounts are present (4), the cobalt determination yielded approxi-
mately theoretical results when at least two and one-half times the theo-
retical quantities of precipitating reagents were present. 
Somewhat high results were obtained, undoubtedly due to the fact 
that the precipitation is carried out in concentrated solution. 
Since this determination of cobalt could not be made directly on a 
solution containing both nickel and cobalt, it was thought possible to 
make a preliminary separation with alpha-nitroso-beta-naphthol. Such a 
procedure would necessitate destruction of the naphthol. Perchloric acid 
was found to accomplish this. An evaporation with hydrochloric acid was 
found to remove the excess of perchloric acid. 
Using this method a nickel-cobalt solution was analyzed for cobalt 
with satisfactory results. A modification which was equally successful 
was the use of ferrous solution in place of oxalate for the back-titration 
of part of the samples. 
Attempts were made to determine nickel by quantitative oxidation of 
the dimethylglyoxime precipitate with various oxidizing agents. Potas-
sium permanganate, iodine, eerie sulfate, and hydrogen peroxide were 
used unsuccessfully. 
In the case of the permanganate the glyoxime was heated with an 
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excess of the reagent. Roughly proportional amounts of oxidizing agent 
were required for the glyoxime taken, but the results were not very 
consistent. 
The oxidations with iodine were tried with hydroxylamine as a pre-
liminary to use of the glyoxime. This reagent yielded results similar to 
those obtained with permanganate. Sodium carbonate was added and 
the solutions heated. In other cases chloroform was used in the titration 
without apparent increase in oxidation. 
Boiling of the nickel precipitate with an excess of eerie sulfate was 
also tried. Iodine monochloride and silver nitrate were tried as catalysts 
for this oxidation without much apparent effect. The lack of precision 
evident in the results caused abandonment of this reagent. 
According to Wurster (5) heating of hydroxylamine with hydrogen 
peroxide at 40°C. gives a quantitative oxidation to nitric acid. This oxida-
tion was attempted for periods up to 20 hours. Approximately 85 per 
cent of the theoretical was the maximum oxidation obtained. 
SUMMARY 
1. Small amounts of cobalt can be determined by precipitation with 
alpha-nitroso-beta-naphthol followed by oxidation and titration of the 
excess naphthol in alkaline potassium permanganate. 
2. Cobalt can be determined by titration of cobaltous tetrapyridine 
thiocyanate with potassium iodate. 
3. Cobalt can be titrated by oxidation of potassium cobaltous lead 
nitrite with potassium permanganate. 
4. Oxidation of nickel dimethylglyoxime with potassium perman-
ganate, iodine, eerie sulfate, or hydrogen peroxide is not satisfactory for 
the determination of nickel. 
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INTERREFLECTION OF LIGHT BETWEEN PARALLEL PLANES1 
FRANK NOAKES 
From the Department of Electrical Engineering, Iowa State College 
Received May 22, 1941 
Using integral equations, H. Buckley (1) studied the interreflections 
in both finite and infinite cylinders having matt surfaces. The integral 
equations were solved by a modification of a method suggested by E. T. 
Whittaker ( 4). Buckley also analyzed the interreflection between two 
parallel infinite half-planes of uniform luminosity. 
The author, following the work of Parry Moon (3), discusses the 
theory of interreflections and establishes the integral equations for sev-
eral cases involving parallel planes including the light court. The approxi-
mate solution of one case is obtained by using Whittaker's method; the 
analytical results are then compared with the experimental results of 
Meacock and Lambert (2). 
GENERAL THEORY 
The luminosity at any point (p1) , regardless of the configuration of 
the boundary surface, is given by 
L(p1) =Lo(P1) + Q(P1) i L(p).K(p;p1).da 
where 
p =variable point on the boundary surface 
S = integration over the surface visible from (p1) 
L 0 = self-luminosity of the surface at the point (p1) 
K =the illumination at the point (p1) caused by unit luminosity of a 
unit area at the point (p) 
da = incremental area of boundary surface at point (p) 
Q = reflection factor 
The illumination at any point (p1) is given by 
E (p1) = Eo (p1) + i Q (p) · E (p) · K (p;p1) · da 
where 
E0 = direct illumination and all other quantities are as previously 
defined. 
These two equations are applicable to all problems involving inter-
reflections. 
The integral equations for the following specific cases are obtained 
from this basic theory. 
1 Original thesis submitted July 12, 1940. Doctoral thesis nwnber 573. 
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(a) Two parallel infinite half-planes illuminated by a uniform dif-
fuse plane source across one end. 
Here 
E(x) - -[1- x Q E(;) 
L ] 100 
- 2 yl+x2 + 2 0 [1 + (;-x) 2]a;2d; 
where 
Q = reflection factor of the matt surfaces of the planes 
x = distance, expressed in terms of the separation distance of the 
planes, from the source to the point at which the illumination is 
desired. 
; = distance from the source to the point from which the incremental 
flux, due to interreflection, is emitted. It is expressed in terms of 
the separation distance of the planes and is measured along the 
opposite plane from that on which x is measured. 
(b) Two parallel infinite planes illuminated by a luminous rod paral-
lel to the planes and equidistant from them. 
In this case 
where 
Qloo E (;,1h) 
E(x11h) =----+- -----d; 
4[x2+1/4J 2 _ Ll+ (;-x)2]312 
I) = diameter of the luminous rod and all other quantities are as 
previously defined. 
(c) Two parallel infinite planes illuminated by a point source half-
way between the planes. 
The illumination, 
00 
E(x,1h) = + 2Q d; I 1 E (;,1h) . ; . (l+x2+;2) 
2[x2+1f4]3/2 0 [ (l+x2+;2)2 _ 4;2x2]a;2 
where 
I= intensity of the source (independent of direction) and all other 
quantities are as previously defined. 
In addition to the above equation, for cases b and c, the integral 
equations for any position of the source in between the planes are estab-
lished. The analytical approach to the problem of the light court is also 
outlined. 
The solution of a, for the parallel infinite half planes, is given in terms 
of unit luminosity of the source. 
By an adaptation of Whittaker's method the following approxima-
tions are made 
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~[l - _x_J~ !_[ -0.2504x -l.3780x] 
2 1+x2 - 2 0.0775e +0.9225e 
and 
1 -1.4 720x -5.9955x 
----:::::::::: 1.5500e -0.5500e n + x2]3/2 
These two approximations are used in obtaining an approximation 
for the resolvent kernel and hence the approximate solution of the in-
tegral equation. 
The approximate solutions in terms of unit luminosity are: 
for Q = 0.2 
1 -6.4903x -1.311lx 
<I> (x) __ [ 1 _ x J +0.0055e +1.0913e 
- 2 Vl+x2 -0.2504x -1.3780x 
+o.009le -1.0782e 
for Q = 0.4 
1 -6.1013x -l.1347x 
<I> (x) __ [ 1 _ x J +0.0103e +0.6435e 
- 2 Vl+x2 · -0.2504x -1.3780x 
+0.0224e -0.6131e 
for Q = 0.6 
1 -6.1519x -0.9332x 
<I> (x) _ -[l _ x J +0.0154e +0.5123e 
- 2 yl+x2 -0.2504x - 1.3780x 
+0.0449e -0.0461e 
for Q = 0.8 
-6.2006x -0.6863x 
x J +0.0180e +0.4371e 
Vl+x2 -0.2504x -1.3780x 
+0.0963e -0.3630e 
The analytical results are compared with experimental results of 
Meacock and Lambert; the agreement is very satisfactory. 
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LATERAL ORGANOALKALI COMPOUNDS1 
HENRY ALEXANDER p ACEVITZ 
From the Department of Chemistry, Iowa State College 
Received May 22, 1941 
Lateral organoalkali compounds may be defined as those organo-
metallic compounds in which the alkali metal is attached to a carbon chain 
which is in turn attached to an aromatic nucleus. 
Since the most widely studied organoalkali compounds are of this 
lateral classification, an investigation was undertaken to find methods of 
preparing some of the more important compounds of this class by simple, 
inexpensive procedures and to study some of their more interesting prop-
erties. Most of the investigation was concerned with compounds of the 
benzylalkali type because of their potential importance in synthesis. 
Benzylsodium was found to be preparable in 77 per cent yields by 
reacting chlorobenzene with sodium in toluene at 35° and then refluxing 
the primary reaction mixture for 3 hours. In the primary reaction phenyl-
sodium is formed to an extent of 87 per cent. This yield is superior to that 
obtained by the method of Ziegler2 wherein benzene is used as the solvent. 
Following a similar procedure, 3,5-dimethylbenzylsodium and ~-naph­
thylmethylsodium were formed to an extent of 20 and 4.3 per cent, re-
spectively. 
The preparation of organopotassium compounds by interacting a 
halide with potassium in ordinary organic solvents usually results in a 
Wurtz-Fittig reaction. However, we have found that benzylpotassium and 
3,5-dimethylbenzylpotassium may be prepared in excellent yields by a 
technique somewhat similar to the one used in the preparation of benzyl-
sodium. This reaction could never be stopped at an intermediate phenyl-
potassium stage when toluene was used as the solvent, but benzylpotas-
sium was formed in yields as high as 82 per cent as determined by carbon-
ation reactions. Most probably, phenylpotassium was formed as an inter-
mediate, but immediately reacted with the toluene to form benzylpotas-
sium which is less reactive than phenylpotassium toward chlorobenzene 
thus interrupting the Wurtz-Fittig reaction. This same interruption oc-
curred when mesitylene was used as the solvent. The yield of 3,5-di-
methylbenzylpotassium was 79 per cent as determined by carbonation 
to form the corresponding acid. For lack of a more exact term, the use of 
chlorobenzene and potassium in reactions of this type is called metalation 
by the "chlorobenzene-potassium" system. 
Bachmann and Clarke3 observed that when di-p-tolylmercury and 
sodium were allowed to react in benzene solution over a period of thirty 
' Original thesis submitted December 19, 1940. Doctoral thesis number 601. 
• Ziegler, Angew. Chem., 49, 457 (1936) . 
• Bachmann and Clarke, J. Am. Chem. Soc., 49, 2089 (1927). 
[117] 
118 HENRY ALEXANDER PACEVITZ 
days, benzoic acid (34 per cent), p-toluic acid (30 per cent), and phenyl-
acetic acid (0.36 per cent) were formed subsequent to carbonation of the 
reaction mixture. The occurrence of phenylacetic acid was attributed to 
the migration of the sodium atom in the p-tolylsodium. However, because 
of the large amount of benzoic acid which was isolated, there existed the 
possibility of the metalation of the toluene formed in the reaction by the 
phenylsodium to give benzylsodium. 
We have performed several experiments which show that p-tolyl-
sodium, prepared in an inert solvent such as ligroin, undergoes a complete 
rearrangement to benzylsodium when the reaction mixture is refluxed for 
several hours. m-Tolylsodium and o-tolylsodium also undergo a similar 
rearrangement although to a lesser extent. p-Tolylsodium prepared from 
p-chlorotoluene and sodium in toluene gave a 62 per cent yield of 
phenylacetic acid subsequent to refluxing and carbonation. p-Tolylpotas-
sium was found to rearrange and give a 16.5 per cent yield of phenylacetic 
acid. p-Tolyllithium could not be induced to rearrange by the method 
mentioned above. It may be mentioned here that the irregularity of 
lithium was also observed in the metalation of toluene by n-butyllithium 
inasmuch as only a 0.22 per cent yield of phenylacetic acid was obtained 
subsequent to carbonation. 
In view of the existing uncertainty of the mechanism concerned in 
the formation of substituted malonic acids when alkyl and lateral aryl 
alkali compounds are carbonated, an attempt was made to clear up this 
problem. It was found that the most important unreported condition 
which controlled the extent of malonic acid formation was the rate at 
which the organoalkali compound was carbonated. The solvent used and 
the length of stirring of the organoalkali prior to carbonation were found 
to be of minor importance. The results of the studies on the effect of the 
rate of carbonation on the product obtained are given in Table 1. The 
rapid carbonations were accomplished by pouring the organoalkali com-
pound on crushed solid carbon dioxide over a period of 10 seconds. The 
TABLE 1 
Monocarboxylic Substituted 
Acid Malonic Acid 
Organoalkali 
Compound Solvent Rapid Slow Rapid Slow 
% % % % 
Benzylsodium Toluene ...... ... . 72.9 17.6 0 42.2 
Benzylsodium (from 
dibenzylmercury) Toluene 
··· ····· ··· 
61 8.5 1 22.8 
Benzylpotassium Toluene 
···· ···· ··· 
82 55 0 23 
3,4-Dimethylbenzyl-
Mesitylene 79 30 0 15 potassium ........ 
n-Amylsodium Ligroin .... ....... 38.5 15.2 1 16.9 
n-Amylsodium Low boiling petro-
leum ether .. . . . . 51.5 17.3 0 31.4 
n-Amylsodium • Ligroin .. .... ... .. 30 9.7 
• The r apid carbonation in this exferiment was carried out by the use of a very rapid 
stream of carbon dioxide gas instead o crushed solid carbon dioxide. 
LATERAL ORGANOALKALI COMPOUNDS 119 
slow carbonations were performed by admitting dried gaseous carbon 
dioxide over the surface of the stirred suspension over a period of 4 to 5 
hours, after which a negative color test4 was obtained. 
Attempts to prepare benzylcalcium chloride, p-tolylcalcium chloride, 
and p-tolylcalcium bromide by methods similar to those used in preparing 
the corresponding organoalkali compounds all gave negative results. 
Several interconversion reactions were studied using n-butyllithium 
and various substituted aryl bromides. The amount of corresponding 
acid isolated on interconversion of each of the following halides with 
n-butyllithium is given in parentheses: 2-bromodibenzothiophene (17 
per cent); 2,4,6-trimethylbromobenzene (40 per cent); 2,4,5-trimethyl-
bromobenzene (63 per cent); p-bromo-t-butylbenzene (86 per cent). 
The first interconversion of an organosodium compound and an 
organic halide was accomplished when n-butylsodium was found to under-
go an interconversion with a-bromonaphthalene. Subsequent to carbona-
tion of the reaction mixture, a 25.6 per cent yield of a-naphthoic acid was 
obtained. 
With respect to the results obtained in the migration studies involving 
the shift of metal from the nucleus to the side chain on heating, it was 
thought that the allylic rearrangement of benzylmagnesium chloride 
would be hindered by such treatment. Contrary to this prediction, it was 
found that the allylic rearrangement was enhanced by heating, occurring 
to an extent of 10.5 per cent at 15° and 18 per cent at 90°. 
• Gilman and Schultz, J . Am. Chem. Soc., 47, 2002 (1925) . 
PROPERTIES OF COMPOUNDS PRODUCED BY THE ACTION OF 
ACETOBACTER SUBOXYDANS UPON i-INOSITOL1 
WALTER H. PITCHER 
From the Department of Chemistry, Iowa State College 
Received May 22, 1941 
i-Inositol is a hexa-hydroxy cyclohexane compound occurring widely 
in nature mainly as the methylether and phosphoric acid ester derivatives. 
Previous investigations have shown that under appropriate conditions 
Acetobacter suboxydans is able to oxidize i-inositol to form a cyclic poly-
hydric ketose which preliminary studies indicated to be a diketo-i-inositol. 
Since the exact chemical nature of the product was not known, it was 
referred to as "ketose," a term used throughout this thesis. 
Not only was it the object of this investigation to study the chemical 
properties of the fermentation product, but also to determine whether or 
not the Bios I activity of i-inositol had been affected by the limited oxida-
tion involved. 
The culture of Acetobacter suboxydans used in the experiments for 
this thesis was obtained from the American Type Culture Collection and 
is listed as No. 621. The stock cultures were carried on glycerol-yeast 
extract-agar slants, but subculture and fermentations were performed 
using liquid medium containing 3 per cent i-inositol, 0.5 per cent yeast 
extract (Difeo), and 0.1 per cent sorbitol. "Ketose" was separated from 
the culture medium by treating the medium with basic lead acetate, filter-
ing, removing the excess lead as the sulfide, and then distilling the filtrate 
so obtained in vacuo to crystallization. Purification consisted in repeated 
recrystallizations from water and 60-70 per cent ethyl alcohol. 
The course of the conversion of i-inositol into the reducing fermenta-
tion product was followed by the use of the Shaffer-Somogyi semi-micro 
method as modified by Guymon. The correct heating time and reducing 
curve were determined by preliminary experiments with a standard solu-
tion of "ketose." 
Previous investigations have shown that the optimum pH range of the 
unbuffered medium was 5.1 to 6.8. A fermentation series was run contain-
ing phosphate buffered medium at pH 6.4, 6.0, and 5.8. The results showed 
that there was a definite relationship between the formation of reducing 
compounds and the pH of the fermenting medium; the higher the buffered 
pH, the less reducing material formed. 
Further evidence that "ketose" is predominantly a diketo compound 
was obtained from quantitative hydrogenation and oxidation experiments. 
The volume of hydrogen necessary to reduce a given weight of "ketose" 
to i-inositol in the presence of platinum oxide catalyst corresponded to 
1 Original thesis submitted March 17, 1941. Doctoral thesis number 604. 
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about 78 per cent diketo-i-inositol. Oxidation equivalent values were 
based upon the complete oxidation of the fermentation product by iodic 
acid. The excess iodic acid was measured by adding potassium iodide and 
titrating the iodine liberated with standard sodium thiosulfate solution. 
The oxidation values thus obtained, agreed with those calculated for a 
diketo-compound. 
The methylation of "ketose" was accomplished by refluxing with hot 
alkaline dimethyl-sulfate for 24 hours. The methylated compound was 
obtained as a syrup which gave a positive analysis for methoxyl content. 
The preparation of a fully methylated derivative should permit an oxi-
dative rupture of the cyclic ring adjacent to the carbonyl groups, and iden-
tification of the fragments should give significant information as to the 
structure of the "ketose." 
In view of the fact that i-inositol has been identified as an indispensable 
growth factor for various yeast species; one would expect "ketose" to 
exhibit similar properties. If i-inositol could be biologically oxidized to 
keto compounds, which might exist in reversible oxidation-reduction 
systems, some light might be thrown upon its role as Bios I. Consequently, 
"ketose" was tested in twenty-nine combinations with nine known yeast 
stimulants upon each of three strains of Saccharomyces cerivisiae. Growth 
was measured by means of a K.W.S.Z. photometer which in turn was 
calibrated by microscopic count. The basal synthetic medium used for all 
the subsequent experimental fermentations contained per 100 ml., 0.188 
grams of ammonium chloride, 0.100 grams dipotassium phosphate, 0.100 
grams of calcium chloride, 0.100 grams magnesium sulfate, and 5 grams of 
sucrose. Yeast growth was measured at 0, 12, 24, 48, 72, 96, and 120-hour 
intervals. Criteria for comparisons included "final photometer reading" 
and "hours to average photometer reading." 
Results showed that in all combinations "ketose" not only played the 
same role as Bios I in yeast growth, but in the majority of cases the stimu-
lating effect due to "ketose" was slightly greater than that due to i-inositol. 
Since quebrachitol, the monomethyl ether of i-inositol, does not stimulate 
yeast growth, it appeared that some sort of oxidation-reduction reaction 
was necessary for Bios I activity. 
The possibility that the activity of "ketose" was due to adsorbed yeast 
extract from the Acetobacter fermentation was dealt with by purifying 
"ketose" through the phenylhydrazone derivative and subsequent recov-
ery of the original keto compound. This "purified ketose" gave the same 
stimulating effect as the original "ketose," thus proving the absence of 
adsorbed yeast extract. 
Phytin (a hexaphosphoric acid derivative of i-inositol) occurs widely 
in plants. Results of tests upon the effect of phytin and the tetraphos-
phoric acid ester of i-inositol upon yeast growth showed that both pos-
sessed Bios I activity. Hence the yeast cell must possess phosphatase 
enzymes. This is in contrast to Acetobacter suboxydans whicli is unable to 
ferment ether phytin or the tetraphosphoric acid ester of i-inositol. 
PRODUCTION OF CHEMICALS BY THE FERMENTATION OF 
THE ACID HYDROLYZATE OF OAT HULLS1 
MORTON M. RAYMAN 
From the Department of Chemistry, Iowa State CoUege 
Received May 22, 1941 
The accumulation of agricultural residues by certain industries has 
created a serious disposal problem. The economical utilization of such 
residues is not only of importance to the industry, but the resultant 
accumulation represents a loss to the producer of the raw material. For 
several years the fermentative utilization of these materials has been the 
subject of investigations in these laboratories. Most of this research has 
been based upon oat hulls which represent a typical residue produced 
in Iowa. Oat hulls, the waste product of the industrial processors of oats, 
are produced at the rate of 400 tons daily at the factories in the United 
States. Of the possible methods of disposing of this trade waste, the 
approach by fermentation of the pentose sugars in the oat hulls was chosen 
for these experiments. The pentose fraction, largely xylose, constitutes 
approximately one-third of the weight of the oat hulls, and is set free in 
solution when the hulls are given a mild hydrolytic treatment with hot 
dilute mineral acids. 
Oat hulls were treated with dilute mineral acids at 20 pounds steam 
pressure for 60 minutes. A liquid : solid ratio of 6: 1 (i. e., six milliliters 
of acid per gram of hulls) was used; the concentration of acid, the time 
of hydrolysis, and the temperature employed were found to be optimum. 
Sulfuric or hydrochloric acids were commonly used at a concentration 
of 0.08 molar. The crude sugar filtrate was neutralized with calcium car-
bonate, and sodium hydroxide solution was added to adjust the pH to 
a value of about 6. The evaporation of this solution in vacuo at 50-55° C., 
gave an oat hull sirup which could be conveniently diluted to the proper 
concentration for the fermentation experiments. After the nutrients had 
been added to the sugar solutions, the medium was sterilized in the auto-
clave preliminary to inoculation. Micro-organisms of potential industrial 
imp9rtance were chosen for the tests. This thesis reports the behavior 
of two species of bacteria and two of molds selected for the work. 
Since corn mash is the most favorable medium for the development 
of Clostridium acetobutylicum, the experimental fermentation media 
were prepared by mixing oat hull hydrolyzate with corn mash. The 
media contained, usually, 4 to 5 per cent of total reducing sugars. Nor-
mal yields of solvents were obtained, and the ratio of butanol, acetone, 
and ethanol were essentially 6 : 3 : 1. As much as 50 per cent of the total 
carbohydrate could be derived from the oat hull sugars without diminish-
1 Original thesis submitted July 9, 1940. Doctoral thesis number 572. 
[122] 
CHEMICALS BY F ERMENTATION 123 
ing the solvent production. Hydrolyzates prepared with hydrochloric, 
nitric, sulfuric, or phosphoric acids were fermented equally well by the 
action of the butyl-acetonic organism on mixtures containing corn mash. 
Attempts to ferment the sugars of the hydrolyzate in the absence of corn 
gave little or no solvents. Of special interest was the fact that hydrolyzates 
prepared with phosphoric acid gave abnormal fermentations in which 
the activity of the cultures soon ceased and the production of butyric and 
acetic acids was markedly high. Control fermentations in which pure 
xylose was supplemented by corn gluten or soybean meal gave normal 
yields of solvents. Similar results were obtained on hydrolyzates of puri-
fied xylan isolated from oat hulls by an alkaline extraction. 
The main products of Aerobacter aerogenes fermentations of xylose 
are ethanol, carbon dioxide, and 2,3-butylene glycol. The organism, ob-
tained from the American Type Culture Collection, was maintained on 
glycerol-yeast extract agar for stock cultures. The medium employed in 
the experimental fermentations contained the following constituents, the 
concentration being expressed in grams per liter of medium: 
NH4Cl ......................... ...................... ................. 3.0 
K2HP04 · 3H20 .... ...................... .. ...... ...... ........ 1.75 
MgS04 · 7H20 .......... ... ... ............ .... .. ................ 1. 75 
CaC12 •••••••• ••• ••••• •• •••••• ••••••••••••••••••• •••••••• •• ••••••••••••• 0.1 
Xylose .................... .................. .. ........................ 50.0 
The pH of the medium was adjusted to a value of 6.25 by the addition of 
a solution of sulfuric acid. The medium was sterilized at 10 pounds steam 
pressure for 30 minutes. After inoculation, samples were removed daily 
for sugar analysis. Requisite amounts of sterile molar sodium carbonate 
solution were added daily to readjust the pH to 6.25. The medium con-
taining pure xylose showed typical fermentative activity and gave, on 
analysis, yields of 2,3-butylene glycol similar to values reported in the 
literature. Practically all the sugar in the medium was consumed in the 
fermentation. However, parallel experiments in which the medium con-
tained oat hull sirup, equivalent in concentration to the xylose medium, 
showed no signs of growth or of fermentation. 
Of the molds which utilize xylose Aspergillus flavus offered some 
promise. The main product, kojic acid, had been reported by several 
investigators. The medium employed had the following composition, the 
values being expressed in grams per liter of medium: 
NH4N03 •.••••. •••.•.•... •.• .. •• . . . . ... •.... .•. ... •. ... ... . ... .. . •. •. . •. . •..•• . • 1.00 
KH2P04 ............................ ......... ............. ............ .......... 0.625 
MgS04 · 7H20 .................... ................... ....................... 0.500 
Xylose (equivalent to that in oat hull sirup) ........ 128.0 
The culture used was obtained from Dr. Charles Thom and was main-
tained on glycerol-yeast extract agar. The kojic acid analyses of the sugar 
media were made by two methods. When a pure xylose medium was to 
be examined, the kojic acid was precipitated as the copper salt and 
weighed. With an oat hull sugar medium this method was not suitable 
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since other substances in the oat hull sirup would precipitate along with 
the kojic acid when cupric acetate was added as a precipitant. Hence, 
under the above conditions, the cultures were extracted continuously 
with ether. The kojic acid in the extract was recrystallized from acetone 
and weighed. Yields of kojic acid were substantially better in the case of 
the medium containing pure xylose than in the case where oat hull sirup 
had been used as a substrate. 
Since Penicillium chrysogenum is known to convert glucose to glu-
conic acid in a suitable medium, it was to be expected that xylose might 
be oxidized to xylonic acid in the presence of the mold. The organism 
was obtained from Dr. Charles Thom, and stock cultures were main-
tained on glycerol-yeast extract agar. The experimental medium pos-
sessed the following composition; the concentrations are expressed in 
terms of grams per liter. 
NaN03 ......... .. . . .. .. ...... .. . .. . . . ..• .•.• .. . . .. .. ... . .. .. .. ... ... . ...•. . . . . ..•••• ... • 3.0 
KH2P04 . ••• •. •. . •. •. •. ..•••.•• ••. ••••. ••• •••• . •. .•• . ..•. .• •. •.•. •• •• •• . •• . ••. ••• •••..•• 0.300 
MgS04 · 7H20 .............. ..... .......................... ...... ..... ...... ........ 0.250 
FeC13 . .. . . . .. .. . .. . ... . .. . . . ... . •••. . . ..•..... .. . ..... . ...•.... . .. . . . . .. . . . . . . ..•.•. •.. •. 0.100 
H 3B03 ...... . . ..... . .. . ........ . .. . ... ... . . ............................ . .. . .......... . .... 0.250 
CaC03 ... .• .. ..... .. ..... . .... . .. .• ....•.••.. . . .•...... . •......•.... •....... ••.••• •. .. •••• 40.0 
Xylose (pure or its equivalent from oat hull sirup) .... 200.0 
Immediately after inoculation of the media, vigorous aeration was 
begun and periodic analysis for residual sugars was made during the 
fermentation. After fifteen days incubation at 30° C., the cultures were 
filtered hot and the soluble calcium determined in the medium was used 
as a measure of calcium xylonate formation. Xylonic acid was isolated 
and characterized as its brucine derivative, m.p. 170-2° C. Based on the 
sugar consumed, the apparent yield of xylonic acid was 25.8 per cent for 
the xylose medium; for the parallel fermentation with oat hull hydroly-
zate, it was 52.9 per cent. The above difference may be attributed largely 
to greater assimilation by the mold in the oat hull medium and more dis-
similation in the xylose medium. 
A discussion of the possible factors present in oat hulls which inhibit 
the fermentation is presented. Among the compounds considered are 
the furanoid condensation products of pentose-lignin combinations, 
lignins, saponins, tannins, and certain complex nitrogenous compounds. 
Suggestions are made on methods of removing some of these inhibiting 
factors. 
FLUORESCENCE ASSOCIATED WITH PROTEINS1 
WENDELL REEDER 
From the Department of Chemistry, Iowa State College 
Received May 22, 1941 
Although fluorescence of biological materials has been observed by 
numerous investigators, few detailed studies have been made to determine 
the specific constituents present in these materials which are responsible 
for the emission of light. The color of protein fluorescence has been 
recorded in the literature, but no detailed study of the effects of protein 
treatment on fluorescence has been made. The present investigation was 
undertaken to determine whether or not the fluorescence of proteins could 
be used in protein chemistry. More specifically, the objectives were: first, 
to determine whether or not the fluorescence of proteins is due to occluded 
or adsorbed material; second, to determine the effect of protein hydrolysis 
by various methods on the fluorescence of the proteins; and third, to study 
the products of protein hydrolysis and determine which of the protein con-
stituents are fluorescent. 
The relative fluorescence intensities of the proteins and their hydroly-
zates were determined by measuring the dilution required to reduce the 
fluorescence of a given amount of protein or protein hydrolyzate to the 
same intensity as the fluorescence of a diluted standard solution of quinine 
bisulfate. 
The proteins prepared and studied in this investigation were casein, 
wheat gluten, gliadin, glutenin, blood fibrin, gelatin, ovalbumin, and zein. 
Hair and wool were also compared to the proteins. 
When examined in ultra-violet light of wavelengths 3,100-4,100 A, 
the proteins give a uniform bluish-white fluorescence in the solid state and 
a somewhat more green fluorescence in solutions. The fluorescence of 
these proteins is more green in basic solution than in acid, but the color 
change is not sharp. 
The fluorescence of proteins is destroyed by oxidation with strong 
nitric acid or by ashing. The small amount of protein ash is not fluorescent 
in the solid state or in acid, basic, or neutral solution. 
Various methods of extraction with organic solvents were used in 
attempts to remove the fluorescent material from the proteins. Organic 
solvents do not extract the fluorescent material from the solid protein or 
from the protein hydrolyzates in acid or basic solution. Likewise, dialysis 
experiments failed to remove the fluorescent material from protein solu-
tions, but after hydrolysis with strong acid the fluorescent material is 
readily removed from proteins by dialysis. 
The effect of hydrolysis of proteins by means of acids, bases, and 
1 Original thesis submitted July 16, 1940. Doctoral thesis number 589. 
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proteolytic enzymes on the fluorescence was determined. It was found 
that hydrolysis by proteolytic enzymes or alkali produced only a slight 
increase in the amount of fluorescence. However, hydrolysis with hydro-
chloric acid, sulfuric acid, perchloric acid or phosphoric acid produced 
large increases in the fluorescence of those proteins containing tryptophane 
and only slightly increased :fluorescence iil those proteins which are defi-
cient in this amino acid. The color of the fluorescence produced during 
acid hydrolysis is blue-green. 
Crude commercial proteins produce the same amount of fluorescence, 
during acid hydrolysis, as these same proteins prepared in a purified state. 
The presence or absence of air during acid hydrolysis does not affect the 
amount or color of fluorescence of the protein hydrolyzates. 
Nineteen amino acids were examined in ultra-violet light for fluo-
rescence. These amino acids were not noticeably fluorescent in the solid 
state or in acid, basic, or neutral solution. 
Amino acid additions to proteins during hydrolysis revealed that 
tryptophane was the only amino acid which increased the amount of 
fluorescence during acid hydrolysis. Tryptophane did not affect the 
amount of fluorescence produced during hydrolysis of proteins with alkali. 
When proteins such as zein and gelatin, which are deficient in trypto-
phane, are hydrolyzed in the presence of this amino acid, the amount of 
fluorescence is greatly increased. However, when tryptophane is added 
to proteins containing this amino acid, the fluorescence is only slightly 
increased during acid hydrolysis. 
The addition of the vitamins which are capable of producing blue-
fluorescent compounds did not affect the amount or color of fluorescence 
during acid hydrolysis. 
Boiling acetic acid with proteins greatly increased the amount of 
fluorescence. However, the fluorescent color produced is much more 
blue than that of protein solutions or hydrolyzates. Boiling acetic acid 
with several of the amino acids caused a blue fluorescence to appear in 
the solutions. This is in contrast to the action of strong acids on these same 
amino acids. Strong acids do not produce fluorescence of the amino acids. 
This would indicate that the fluorescence increase with acetic acid and 
protein is due to a different substance than is produced during acid hy-
drolysis with strong acids. 
The production of artificial melanins by the action of glucose on tryp-
tophane or tyrosine in acid solution also gives rise to a blue-green fluo-
rescence. Tyrosine and tryptophane were the only amino acids studied 
which gave blue-green fluorescence with glucose The melanin produced 
by the action of the tyrosinase of potato juice on pure tyrosine solutions 
was not fluorescent. 
A method of concentrating the fluorescent material from protein 
hydrolyzates was developed. It involved adsorption of the fluorescent 
material from acid solutions with English fuller's earth and subsequent 
elution from this adsorbant with alcohol-ammonium hydroxide solutions. 
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Some of the properties of this fluorescent concentrate are given. From its 
solubility properties, the fluorescent material was found to be different 
from the blue-fluorescent alkaloid barman produced by the mild oxida-
tion of the acetaldehyde-tryptophane complex. 
The fluorescent spectra of lactoflavin, thiochrome, quinine bisulfate, 
and the fluorescent material from protein hydrolyzates were compared. 
These compounds all give broad bands of fluorescence light. The fluores-
cent spectrum of the material concentrated from casein hydrolyzate is in 
the blue-green region of the spectrum and is very similar to the fluorescent 
spectrum of quinine bisulfate. However, these two compounds are not 
identical since they can be easily separated by ether extraction of a basic 
solution containing both compounds. The fluorescent spectrum of the 
material concentrated from casein hydrolyzate is in the blue-green region 
having wavelengths 4,100-5,300 A. The fluorescence is excited by light of 
wavelengths 3,400-3,600 A. 
THE DIELECTRIC CONSTANT OF GASES AT ULTRA-HIGH 
FREQUENCIES1 
ALDEN HOOVER RYAN 
From the Department of Physics, Iowa State College 
Received May 22, 1941 
With the growing use of the ultra-high frequencies in applied physics, 
redetermination of the dielectric constants of gases appears desirable at 
these frequencies. The purpose of the present investigation was twofold: 
(1) to determine whether the heterodyne beat method could be used 
successfully at frequencies up to 56 megacycles per second; (2) to deter-
mine the dielectric constant of three typical gases (nitrogen, ammonia, 
and carbon dioxide) at a frequency around 56 megacycles. 
The principal difficulties of the heterodyne beat method are to main-
tain the necessary frequency stability of the two oscillators and to pre-
vent their synchronization at low beat frequencies. These difficulties 
were overcome by using great care in the construction and operation of 
the apparatus. The fixed oscillator was a temperature-regulated crystal 
controlled oscillator. The variable oscillator used a tube (the RCA 955) 
especially designed for ultra-high frequencies in an electron coupled cir-
cuit. It was isolated from the detector by a buffer stage. The temperature 
of both oscillators was kept as nearly constant as possible. To reduce 
synchronization, both oscillators were shielded very carefully, and were 
coupled very weakly, by radiation to the detector. 
After detection, the beat note was amplified by a two-stage audio-
amplifier and was then measured by comparing it with a calibrated audio-
frequency, using a cathode-ray oscilloscope to indicate zero beat. 
The test condenser was made of two concentric cylinders, supported 
on Pyrex tubing in such a way that the fixed capacity (not affected by 
admitting the gas) was minimized. A remote control system was used to 
tune the oscillators and admit gas to the test condenser. The condenser 
and a one-liter flask, used as a reservoir of the gas, were placed in a 
metal box for electrical shielding and to improve the temperature control 
of the condenser. 
Readings were made over a range of temperature from 22.36° C. to 
47.33° C. The temperature at any point was maintained within 0.05° C. 
A series of readings was made on nitrogen, ammonia, and carbon dioxide 
at a frequency of 56. 72 megacycles. A second series of readings was taken 
on nitrogen and carbon dioxide at a frequency of 28.36 megacycles. The 
difference between atmospheric pressure and the pressure in the con-
denser after admitting the gas was measured on a mercury manometer, 
which could be read by means of a lens arrangement to one-tenth of a 
millimeter. Atmospheric pressure was obtained from a standard mercury 
barometer. 
1 Original thesis submitted July 18, 1939. Doctoral thesis number 541. 
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The consistency of the results obtained showed that the heterodyne 
method can be used successfully at ultra-high frequencies. The random 
errors (due primarily to oscillator instability) amounted to less than 
one-half of one per cent, for the data on nitrogen, and less than one-third 
of one per cent, for the data on ammonia and carbon dioxide. Difficulties 
of calibration would raise the probable error in the absolute values of 
(dielectric constant -1) to about 1 per cent. 
There appears to be no change in the dielectric constant of these 
three gases with frequency up to 56 megacycles. The values obtained 
for the dielectric constant of these gases at 56 megacycles agreed with the 
results of previous observations as well as those results agree among 
themselves. Furthermore, the values of the dielectric constant of nitrogen 
and carbon dioxide measured at 56.72 megacycles were the same, within 
experimental error, as when measured at 28.36 megacycles. 
An anomalous variation of the dielectric constant of carbon dioxide 
with the temperature was observed. The value of (dielectric constant 
-1) increased with temperature from the value it had at 22° C. to a 
maximum at about 39° C., and then decreased again toward tlie value it 
had at the lower temperature. The same effect was observed both at 56 
megacycles and at 28 megacycles. The temperature at which the maxi-
mum occurred was almost the same for both frequencies. 
This effect was discussed and a comparison made with the data of 
other observers (1). It was concluded that while the data of some ob-
servers (4) showed a similar effect, that of others (5) showed no such 
effect, or a slight effect in the opposite direction. 
Possible explanations for the effect are discussed on the basis of a 
change in the structure of the C02 molecule. The bearing on these ex-
planations of measurements made by other observers on the specific heat 
of carbon dioxide (3), its viscosity (2) , and its electric moment (6) are 
mentioned. 
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A CHEMICAL INVESTIGATION OF AMERICAN VERATRUM1 
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From the Department of Chemistry, Iowa State College 
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The present study of V erattrum viride Ait., a liliaceous plant indige-
nous to North America, whose rhizomes and roots are used !!S a crude 
drug and as a stomach poison against insects such as the currant worm, 
was undertaken to improve the procedure for determination of the total 
alkaloid content of the plant, to separate the crude, physiologically active 
alkaloid mixture extracted from the plant into its constituents, and to 
test them for toxicity to insects. 
An extensive study of the chemical method for assay of V. viride 
was made by Viehoever and Clevenger,2 and a fairly satisfactory pro-
cedure was developed by them. In the present work several modifications 
of this method were made which resulted in increased ease of manipula-
tion and accuracy of results. 
The most recent contribution to the chemical study of V. viride was 
made by Wright3 in 1879. He isolated three alkaloids from the plant, 
jervine, pseudojervine, and rubijervine. Jervine had previously been 
found in V. album, the European species, by Simon4 in 1837, and the latter 
pair had been discovered by Wright and Luff5 in 1879 as components of 
V. album. Subsequent work by Salzberger6 has resulted in the separation 
from V. album of another alkaloid, protoveratrine, which was highly 
toxic to vertebrates.7 In 1937-1938 Poethke8 found all these alkaloids in 
V. album and further isolated a new, toxic alkaloid, germerine. 
In this study the crude alkaloid mixture from V. viride was investi-
gated with a view to separation into its components. Five alkaloids were 
isolated in pure form and identified. These were jervine, pseudojervine, 
rubijervine, protoveratridine, and germine. Jervine and pseudojervine 
were found to be the predominant alkaloids separated from V. viride, 
jervine being obtained as about 17 per cent of the total crude alkaloid 
fraction and pseudojervine as about 3.3 per cent of the crude; rubijervine 
was obtained in small amounts. Since these three alkaloids had previously 
been isolated from V. viride, their presence in the plant was thus con-
firmed. Protoveratridine and germine were obtained from V. viride for 
the first time, the former in small amounts and the latter in somewhat 
'Original thesis submitted July 15, 1940. Doctoral thesis number 577. 
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larger quantities. Poethke8 had previously shown that germine and 
1-methylethylacetic acid were produced on hydrolysis of protoveratridine 
and that protoveratridine and 1-methylethylglycolic acid were produced 
on partial hydrolysis of germerine. 
Neither germerine nor protoveratrine was obtained in these investi-
gations on V. viride, but their presence in this plant is not thereby ex-
cluded. In fact, the existence in the plant of some such alkaloid as 
germerine is indicated by the very fact of the isolation of germine and 
protoveratridine, and also by the considerable toxicity of the alkaloidal 
fractions from which these compounds were separated. 
Because of the suggested homology between germine and the alka-
loid, cevine, the basic hydrolysis product of cevadine and veratridine 
from commercial veratrine (prepared from sabadilla seeds, Schoen.oca:ulon 
officinale Gray) , the reactivities of these two alkaloids to catalytic hydro-
genation were studied. Jacobs and Craig, who are studying the structure 
of cevine,9 have hydrogenated cevine in the presence of Raney nickel. 
In this work cevine was hydrogenated with Adams and Shriner's plati-
num oxide catalyst, but germine could not be successfully hydrogenated 
with either of these catalysts. It is concluded, therefore, that the two 
alkaloids are probably not structurally related to the extent suggested. 
The toxic properties of many fractions separated during this investi-
gation, including those from which protoveratridine and germine were 
obtained, as well as of some of the pure alkaloids isolated, were tested by 
microinjection of their solutions into the American cockroach, Periplaneta 
americana (L.) . In this way the progress of the fractionation procedures 
and the concentration of the toxic components by these procedures were 
followed biologically. Further, the alkaloids, jervine and pseudojervine, 
were found to be almost nontoxic to the cockroach and the median lethal 
dose of germine was determined to be about 0.3 mg. per g. for the Ameri-
can cockroach. These toxicological experiments with pure alkaloids were 
the first in which pure alkaloids from V eratrum viride were tested on 
insects. 
This investigation was financed by the Industrial Science Research 
Institute of Iowa State College. 
• Poethke, Arch. Pharm ., 275: 357, 571 (1937); 276: 170 (1938); Scientia Pharm., 
9: 110 (1938) . 
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125: 625 (1938); Craig and J acobs, ibid., 129: 79 (1939); J. Am. Chem. Soc., 61: 2252 
(1939); J. Biol. Chem., 134: 123 (1940) . 
EFFECT OF CARBON DIOXIDE AND ACIDS ON SURVIVAL OF 
MICRO-ORGANISMS1 
CLil'FORD ALLEN SHILLINGLAW 
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Received June 10, 1941 
In a study of. the survival of intestinal organisms in solutions of 
edible acids, it was found that the course of death of both Escherichia coli 
and Eberthella typhosa was essentially semilogarithmic. Determinations 
of survivors were made both by plate and tube counts, and the times 
required for equinormal solutions of the various acids to effect a 99.999 
per cent reduction in numbers of Esch. coli, (called the killing time) at 
30°C., were: citric-57112 hours, acetic-43112 hours, lactic-12 hours, 
phosphoric-8112 hours, glycolic-6 hours, and tartaric-41/4 hours. In 
the series of acids tested it was noticed particularly that a hydroxyl 
group on the a carbon, next to the carboxyl group, seemed to give an 
acid a high germicidal activity. 
Four of the acids were also tested for germicidal activity against 
Esch. coli at 33°F. (5/ 9°C.), and it was found that the ratio of killing 
times at 33°F. to the killing time of the same acid at 30°C. were: citric-
2.3, tartaric-15.8, phosphoric-5.4, and lactic-3.9. 
The addition of 10 per cent sucrose to the acid solutions increased 
slightly the rate of death of Esch. coli. Addition of three volumes of 
carbon dioxide to the acid solutions resulted in a threefold increase in the 
germicidal efficiency of citric acid, and an approximate 20 per cent 
increase in the germicidal efficiency of lactic acid. Three volumes of 
carbon dioxide in water increased the death rate of Esch. coli only very 
slightly above what it was in water alone. 
E. typhosa was much more sensitive to the action of acids than was 
Esch. coli; the killing time for E. typhosa in lactic acid being 1/ 6, and in 
citric acid approximately 1/ 3, that for Esch. coli. Three volumes of C02 
in water had a marked germicidal action against E. typhosa, the rate of 
death being about three times what it was in uncarbonated water. 
The rates of death of Esch. coli in commercial soft drinks were found 
to be essentially what would have been predicted from the acid, sugar, 
and carbon dioxide contents of the beverages. Size of inoculum used in 
an acid solution seemed to have no effect on the rate of death of the 
organism. 
Studies were made on the inhibition of yeast growth by benzoic, 
monochloracetic, and sulfurous acids, and all were found to act as 
inhibitors. In media adjusted to different hydrogen-ion concentrations, 
all three compounds caused the growth of yeast to be inhibited at higher 
'Original thesis submitted June, 1941. Doctoral thesis number 625. 
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pH values, and the greater the concentration of the inhibiting compounds 
the higher were the pH values at which inhibition occurred. 
Three yeast cultures were used and, when either chloracetic or 
benzoic acid was present in a medium, all yeast cultures were inhibited 
at essentially the same pH value. Inhibition was also found to occur at 
essentially the same pH values, when either monochloracetic or benzoic 
acids were present, in each of three different media chosen to present a 
wide variance in amount of nutritive substances for yeast growth. 
The inhibiting effect of chloracetic acid was found to be due specifi-
cally to the chlorinated molecule, since acetic acid in the same molar 
concentrations had no effect on the pH value at which inhibition occurred. 
Benzoic acid seemed to be much more effective, either from the 
standpoint of concentration of the compound required to inhibit, or pH 
value at which inhibition would occur with a given concentration, than 
was chloracetic acid. 
Sulfurous acid in concentrations of 100 to 200 ppm, calculated as 
S02 , seemed to be quite effective for inhibiting yeast growth, and more 
S02 was required to inhibit growth in malt broth than was required in 
the sugar medium. 
A modified Lebedev yeast juice was found to be very slightly active, 
from the standpoint of C02 evolution and 0 2 uptake, at pH 5.0, but quite 
active at pH 5.3 and 5.5. The inhibiting actions of benzoic and monochlor-
acetic acids on the enzymes of this juice were found to be much more 
manifest at pH 5.3 than at 5.5, indicating that the effect of pH on the 
ability of such compounds to inhibit yeast growth is due to the fact that 
the compounds act as enzyme inhibitors only at the more acid reactions. 
SOME METALLIC OXIDES AS PROMOTERS FOR COPPER OXIDE 
CATALYSTS IN THE HYDROGENATION OF FURFURAL1 
MEREDITH MARVIN STEWART 
From the Department of Chemistry, Iowa State College 
Received May 22, 1941 
Improved methods have made the hydrogenation of organic com-
pounds a simple and convenient process. The use of high pressure, 
pioneered by lpatieff (2), permits hydrogenations to be carried out in 
the liquid phase. Sabatier (4) and his associates developed many of the 
catalysts which are in use today. New alloys have made possible the con-
struction of high pressure apparatus which is very safe and convenient. 
The hydrogenation of furfural in the liquid phase has been the subject 
of several investigations. Menzel (3) studied the effect of various pres-
sures and temperatures on this hydrogenation in these laboratories. 
Adkins (1) and his associates investigated the use of various catalysts in 
the hydrogenation of furfural and found that several products were ob-
tained. The copper-chromium oxide catalyst developed by Adkins con-
verted furfural into furfuryl alcohol, while a nickel catalyst changed 
furfural into tetra-hydro-furfuryl alcohol. Menzel found that a catalyst 
composed of cuprous oxide and calcium oxide produced a smooth and 
quantitative conversion of furfural to furfuryl alcohol. Though this 
catalyst was very active and quite selective, it lacked stability and was 
found to be ineffective in the hydrogenations of ketones due to the con-
version of the cuprous oxide to free copper. 
EXPERIMENTAL 
The hydrogenation of furfural in the liquid phase was carried out 
in a large-sized rocking bomb. This vessel was approximately 3 feet long, 
3 inches in inside diameter, and had a capacity of 3.85 liters. The bomb 
was fitted with electrical units capable of raising the temperature to 
250° C. The initial hydrogen pressures were approximately 600 pounds. 
The following catalysts were used in this study: 
(A) A series of catalysts containing Cu20 co-precipitated with 
Al203, Cr203, Co (OH) 2, and Mn (OH) 2 and promoted with CaO. 
(B) A series of catalysts containing Cu20 promoted by CaO and 
another metallic oxide. ZnO, SnO, Al203, Cr20 3 , CoO, Mo20 5, and V20 4 
were used as the supplementary promoter. 
(C) Catalysts containing Cu and CuO promoted by CaO and V20 4• 
The preparation of the catalysts and promoters is given below. 
1. Cu20 was prepared by the reduction of an alkaline solution of 
cupric nitrate by glucose. The precipitate was dried under vacuum at 
room temperature for 12 hours. 
1 Original thesis submitted March 16, 1940. Doctoral thesis number 552. 
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2. CaO was prepared by the dehydration of Ca(OH)2 at 600-700° C. 
3. The co-precipitated catalysts were prepared by treating an alkaline 
solution containing cupric nitrate and aluminum, chromium, manganese, 
or cobalt nitrate with glucose. 
4. CuO, CoO, Al20 3 , Cr20 3, and SnO were prepared by precipitating 
the hydroxides and dehydrating them at 230-250° C. 
5. V20 4 and Mo20 5 were prepared by the reduction of V205 and 
Mo03• 
6. Cu was prepared by reducing Cu20 with hydrogen at 200-220° C. 
Two hundred and fifty ml. of furfural together with the catalyst were 
placed in the bomb and 600 pounds pressure of hydrogen was added. 
The rocking mechanism was started, and the bomb was heated until a 
temperature of 225° C. was reached. The course of the reaction was 
followed by recording the temperature and pressure at 5-minute intervals 
until the absorption of hydrogen was completed. All pressures were 
reduced to 0° C., and from these corrected pressures the activities of the 
various catalysts were calculated. 
CONCLUSIONS 
1. Co-precipitation of Cu20 with oxides of an acidic or amphoteric 
character was found to be an unsatisfactory method for the preparation of 
hydrogenation catalysts. 
2. Catalysts of the type tested in this study required very careful 
drying. 
3. The addition of ZnO, Al20 3, CoO, SnO, or Mo20 5 did not increase 
the activity of a Cu20-Ca0 catalyst. 
4. Cr20 3 prepared by the dehydration of Cr (OH) 3 at 250° C. under 
reduced pressures was a good promoter for the Cu20-Ca0 catalyst. 
5. Cr20 3 prepared by the decomposition of Cr (N03) 3 at 300-350° C. 
was not an effective promoter for a Cu20-Ca0 catalyst. 
6. A catalyst composed of Cu20-Cr20 3-Ca0 mixed by mechanical 
means had approximately the same activity as the most active form of 
copper chromite tested. 
7. V20 4 was found to be the most effective promoter for a Cu20-Ca0 
catalyst. 
8. V20 4 was found to be the most effective promoter for a CuO-CaO 
catalyst. 
9. V20 4 was found to be a very effective promoter for a Cu-CaO 
catalyst. 
10. A Cu20-V20 4-Ca0 catalyst was found to be effective 'for the 
hydrogenation of ketones. 
11. The bright red color of inactivated copper oxide catalysts was 
not due to the formation of cuprous oxide but to the formation of metallic 
copper. 
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It is generally accepted that the structure of the soil exerts a con-
trolling effect on air and moisture movements within the soil body. There 
has also been much importance attached to the influence of soil structure 
on plant growth, infiltration, soil erosion, tilth, and other soil properties. 
Since pore space in soils is directly related to soil structure, every kind 
of soil structure has its own characteristic pore space. Natural soil struc-
ture cannot be adequately described without taking into consideration the 
sizes, numbers, shapes, orientations, and volumes of the various pores 
and without the use of some expression descriptive of the complete natural 
pattern of soil material and pore space. Thin sections prepared from ori-
ented samples of undisturbed soil were found to show the natural soil-
structure, pore-space pattern excellently. 
The purpose of this investigation has been to develop a quantitative 
method by which the shape, size distribution, and volume of the larger 
pores could be measured in a sample of soil in its natural state. A micro-
metric method employing an adaptation of the Rosiwal technique for the 
volume-percentages of minerals in thin sections of rocks was applied to 
the measurement of pore space in thin sections of soil. This method was 
used in studying the pore-space relationships of the larger-sized pores 
(noncapillary range) of three soil profiles and of a virgin and a cultivated 
surface soil horizon. 
The adapted Rosiwal method, called the micrometric method, was 
used in comparing the structural differences between the Marshall silt 
loam and Shelby silt loam soil profiles. The fact that a relatively large 
number of larger sized pores are found in the A 3 horizon of the Marshall 
silt loam as well as in the surface layer helps explain that soil's high infil-
tration rate. Strikingly shown in the Shelby is the high density of the B 
horizon and the decrease in the sizes and amounts of noncapillary pores 
with an increase in profile depth. The numerical values for volume-per-
centages of pore space at different depths in the two horizons are given. 
It was found that a systematic method of selecting microscopic fields 
for measuring pore spaces in a thin section gave a more accurate estimate 
of the general mean than did random sampling. In the soils studied, there 
was no measureable orientation of pore space in either the plane of the 
soil horizon or in a plane perpendicular to the horizons. There was greater 
variability between individual sampling cylinders, using a 3 mm. by 3 
1 Original thesis submitted June, 1941. Doctoral thesis number 623. 
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mm. sampling, than when a 1 mm. by 2 mm. sampling interval was em-
ployed. 
The amount of work involved is not so great as to preclude use of the 
method as a means of char·acterizing structure in soil profiles. The choice 
of sampling interval used will be determined by the degree of accuracy 
which is desired. Differences in pore space between samples can be ascer-
tained by the measurement of 50 to 100 microscopic fields per thin section 
on relatively few thin sections from each sample. Finer differences can 
be obtained by the micrometric analysis of more fields per thin section. 
An advantage of the micrometric procedure is that it permits actual 
observation of the numbers, sizes, shapes, volumes, and distribution of the 
pores. The method allows the qualitative estimation of the natural pore 
space in samples of undisturbed soil, a measurement necessary for the 
correct appraisal of the relationships between other natural phenomena 
and soil pore space. The results of the sampling studies show that a quan-
titative expression of pore spaces can be obtained by a micrometric analy-
sis. 
The relationship of the structure of air-dried soils to wetted soils has 
been brought out and is graphically shown. The swelling of soils upon 
being wetted has been suggested as a factor of great importance in the in-
filtration of water into soils. 
It was concluded that the method of wetting up soil cores and deter-
mining the soil pore-space relationships by the specific gravity volume-
weight method gave data which were dependent on arbitrary factors, 
such as height of the soil column and time of wetting of the soil cores. 
This method furnished only information regarding the total, capillary, 
and noncapillary pore space in soils. 
An apparatus -was devised which made possible the quick and easy 
tracing of projected microscopic images of soil in the natural state as 
they appear in thin sections. It also facilitated the comparison of pore 
spaces on the basis of shape, size distribution, and volume. 
Whether or not the pores are continuous in nature is believed to be 
another factor influencing infiltration and other soil properties. Some 
idea of the extent of this property may be had from a thin section study 
of a soil, and it may be shown by microprojection tracings. These tracings 
may be compared with those of the other horizons in the profile or with 
other profiles. 
The pore-space relationships of a cultivated and a virgin soil horizon 
were studied. The results showed that the virgin soil had twice the volume 
of pores and a higher percentage of large pores than did the cultivated soil. 
The micrometric method of determining pore space was compared 
with a moisture-tension method. The moisture-tension method yielded 
pore values comparable to those obtained by the micrometric method for 
a cultivated and a virgin soil. · 
It was shown that a knowledge of the distribution of pore space in 
natural soils is as important, if not more so, than of the total amount. 
The micrometric method is another tool or method for studying the 
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structural relationships of natural soils. Combined with soil moisture 
studies, it provides additional means for the interpretation and under-
standing of natural soil phenomena. The measurement of volume-per-
centage pore space may be considered as an attempt to evaluate numeri-
cally the variable soil characteristic of natural pore space which affects 
permeability, tilth, air movements, and other soil factors. 
THE APPROXIMATE SOLUTION OF LINEAR DIFFERENTIAL 
EQUATIONS BY THE USE OF FUNCTIONALS1 
CHARLES J. THORNE 
From the Department of Mathematics, Iowa State College 
Received June 10, 1941 
A general functional method is used to obtain an approximate solu-
tion to the physical problem represented by an infinite corner-loaded 
plate supported on an elastic foundation. The reaction of the foundation 
is assumed to satisfy Hooke's law. 
The differential equation and boundary condition to which a solution 
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SOLUTION OF LINEAR DIFFERENTIAL EQUATIONS 
In which 
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E = Young's modulus for material in plate, 
I = moment of inertia of unit area of cross section, 
v = Poisson's ratio for material in plate, 
k = Hooke's law constant for the foundation. 
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Here -kw represents the reaction of the foundation. The coordinate 
system is chosen so that the corner load P is at the origin and the edges 
of the plate lie along the axes. 
The approximate solution used is 
w = e-<x +y> [A1 + A 2 (x + y) + A 3 (x2 + y2) + A4xy 
+ A 5 (x3 + ya) + A 6 (x2y + xy2) + A1 (x4 +y4) 
(7) + A 8 (x3y + xy3) + A9x 2y2 + A 10 (x5 + y5) 
+Au (x4y + xy4) + Ai2 (xay2 + x2y3) + A13 (x6 + y6) 
+ A14 (x5y + xy5) + A u; (~4y2 + x2y4) + A16xaya] 
4/-k 
where x = A.1x, and A.1 = \/ 4N · 
The general functional method for problems of this type may be 
outlined as follows: we have the linear differential equation 
(8) 
and the b linear boundary conditions 
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(9) B1 (w) = g whenl.1 = 0 
(l = 1, 2, ... , b) 
where the boundary equations are 
(10) 
The given differential operators are linear 
(11) d 0 on L == L (x1, X21 ••• , Xn1 --, ••• , --, ••• , --) 
OX1 OXn OXn 
0 
and B1 = B1 (x1, X2, ... Xn, --, ••• , •• ) 
OX1 
It is assumed that w can be represented as a linear sum of expansion 
functions, w = a1<I>i, where the a's are constants to be determined and 
the <I>'s are known expansion functions. Substitution of a finite number of 
terms of the assumed approximation into (8) and (9) results in expres-
sions which are approximately equal to zero. The values of the a's are 
determined by applying to these expressions functional families FJ for 
(7) and G1 for (8). In order to determine the constants of (7) the 
following functional families were chosen: for (1) 
(12) ] dxdy 
for (a,~) (0,0), (0,1), (1,1), (1,2), (2,2), (2,3), (3,3). Because of the 
symmetry of (7), (2) and (3) will express the same analytical condition 
on the A's; (4) and (5) will likewise be identical functions of the A's 
For application to both (2) and ( 4) 
(13) ]dy 
with ~ = 0, 1, 2, 3. 
When the resultant set of linear equations is solved for the A's, the following values result: 
Ai .134974+.051979v+.002016v
2
-.005152v3+.001727v4+.oooo33v5 ®v Dv 
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Ul 
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Dv 
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15 - D v ®v 
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where Dv = .229556-.03908lv- .05046lv2- .025203v3- .002878v4-.000049v5 and ®v = - - - --
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Numerical values of these A's for v = .15, .2, .25, and .3 are given. The values of the A 's in terms of 
an arbitrary A.1 are given for v = .2, .25, and .3. Indications of the error are discussed. 
MONOGRAPH OF THE PSYLLINAE AND TRIOZINAE 
(PSYLLIDAE: HOMOPTERA) IN AMERICA 
NORTH OF MEXIC01 
LEONARD D. TuTHILL 
From the Department of Zoology and Entomology, Iowa State College 
Received June 10, 1941 
Included in this taxonomic treatise on the psylline and triozine 
Psyllidae of Continental America north of Mexico, in addition to the 
systematic treatment, are a general discussion of the morphology and 
biology of the group, a discussion of methods of collecting and preserving, 
an explanation of the terms and methods used, and a bibliography listing 
all of the papers concerned with North American forms and the important 
ones dealing with psyllids in other areas of the world. 
Keys are given to the genera of both subfamilies and to the species 
of each genus. The family and subfamilies are defined, and synonymy 
and nomenclatorial notes given. The genera are described, and synonymy 
is given. 
In addition to a description of each species the complete synonymy 
and, except where too voluminous, a complete list of citations, the known 
range, the host plant or plants, any biological data available, and the 
location of the types, where known, are included. 
Especial attention is given to the economically important species, 
chiefly Paratrioza cockerelli, Psylla pyricola and Psylla mali. 
There are seven plates of figures showing characters of the new 
species and of some species of which no figures have been available here-
tofore. 
Eight genera of Psyllinae are listed: Psylla (53 spp.) , Arytaena (14 
spp.), Psyllopsis (3 spp.), Euphalerus (7 spp.), Euphyllwra (8 spp.), 
Pachypsylla (7 spp.), Tetragonocephala (1 sp.), and Spanioneura (1 sp.). 
A total of ninety-four species and varieties are included, sixteen of 
which are described as new. 
In the Triozinae also there are eight genera: Trioza (40 spp.), 
Paratrioza (7 spp.), Neotriozella (5 spp.), Metatrioza (1 sp.), Leuronota 
(2 spp.), Ceropsylla (1 sp.), Hemif,(rioza (2 spp.), and Levidea (1 sp.). 
A total of fifty-nine species and varieties are listed, four of which are 
described as new. 
1 Original thesis submitted June, 1941. Doctoral thesis number 607. 
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SOME INTERNAL EFFECTS OF DINITROPHENOLS ON INSECTS1 
GETULIO B. VIADO 
From the Department of Zoology and Entomology, Iowa State College 
Received June 20, 1941 
Although the effectiveness of dinitrophenols as insecticides has long 
been recognized, the literature on this subject indicates that it was not 
until the past five years that the extensive use of these compounds in the 
control of various insects has been studied. Nearly all the literature on 
the use of these chemicals as insect toxicants relates to the practical 
value of these substances as insecticides. Very little is known about the 
action of these compounds on insects. Studies were conducted by the 
writer to determine the effect of 3,5-dinitro-o-cresol and 2,4-dinitro-6-
cyclohexylphenol on the larvae of a species of blowfly, Cynomyia cada-
verina Desvoidy, and housefly, Musca domestica Linn. and the adults of 
the American cockroach, Periplaneta americana Linn. 
Methods were devised for the study of these chemicals as to their: 
repellent action on the blowfly and housefly larvae, toxicity to the house-
fly larvae and pupae, effect on the American cockroach when solutions 
of these compounds are injected into the insects and when given to the 
insects through the oral cavity, and their effect on the American cock-
roach when applied as undiluted dusts on various parts of the bodies of 
the insects. The effects of 2,4-dinitro-6-cyclohexylphenol on the hemo-
lymph cell counts of the blowfly larvae when the poison is mixed with 
the insect food was also studied. Various colorimetric methods for the 
detection of these dinitrophenols were tried in the detection of minute 
quantities of these compounds in the body of the insects. An attempt was 
made by the writer to differentiate between the two undiluted dinitro-
phenols in a micro-qualitative way with the use of common laboratory 
reagents. Descriptions of the various methods used in this investigation 
are described. 
The results of the investigation indicate that: 
1. 3,5-dinitro-o-cresol and 2,4-dinitro-6-cyclohexylphenol can be 
readily distinguished in the uncombined state through the use of a micro-
qualitative method involving common laboratory reagents. 
2. Neither the Fischer nor the Fleck colorimetric method for detecting 
the presence of dinitrocresol give very satisfactory results when used for 
the detection of minute quantities of this compound in the insect body. 
The Meyer-Drutel method for the colorimetric determination of 2,4-
dinitrophenol in urine, likewise, cannot be successfully employed in this 
particular type of work. 
3. No decided effect of 2,4-dinitro-6-cyclohexylphenol on the hemo-
lymph cells of 3-day-old larvae of Cynomyia cadaverina Desvoidy, was 
'Original thesis submitted June, 1941. Doctoral thesis number 609. 
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noted. The cells of both the treated and untreated larvae appeared identi-
cal. Cell counts made on the treated and untreated lots were treated 
statistically, but the difference between the means of the lots was not 
significant, the value of t obtained being only 1.74 with 222 degrees of 
freedom. 
4. The toxicity of solutions o.f these compounds on the American 
cockroach when injected into the insect or taken through the oral cavity 
by drinking can be studied quantitatively. The methods employed are 
described. 
5. The first visible indication of a major effect of the poisons on the 
American cockroach 'is paralysis. When the insects are dusted on all 
parts of the body, paralysis progresses from the anterior to the posterior 
part of the body. 
6. The behavior of the blowfly and housefly larvae and the nature 
of the tracheae in the antennae of the cockroaches treated with the 
dinitrophenols indicate that something besides nerve poisoning may be 
concerned. 
7. These compounds are repellent to the larvae of the housefly and 
blowfly. 
8. The 3,5-dinitro-o-cresol is more toxic to the insects than the 2,4-
dinitro-6-cyclohexylphenol. 
9. The housefly larvae are more resistant to these poisons than the 
blowfly. 
10. When solutions of the ammonium and sodium salts of the two 
dinitrophenols are taken either with the food or imbibed in solution, they 
are toxic to the insects, indicating that they are stomach poisons. 
11. There exists an individual variation among the insects used in 
this investigation as to their susceptibility to the poisons. 
THE EFFECT OF SOYBEANS AND SOYBEAN OIL ON MILK AND 
BUTTERFAT PRODUCTION AND ON THE QUALITY 
OF THE BUTTERFAT1 
NEIL KENNETH WILLIAMS 
From the Laboratory of Dairy Husbandry, Department of Animal Husbandry, 
Iowa State College 
Received May 22, 1941 
In a series of four experiments conducted at the Iowa Agricultural 
Experiment Station, a study was made of the effect of feeding soybeans 
and soybean oil to dairy cattle with particular reference to milk and 
butterfat yields and to certain chemical and physical characteristics of 
the butterfat. 
First Trial. 
In the first experiment eight cows were used in a paired-feeding 
trial, one group of which was fed a normal ration of alfalfa hay, silage 
and mixed grains, while the other, following a preliminary feeding period 
was successfully carried for 22 weeks on a experimental ration of soy-
beans (grain) and silage. The soybeans were fed at the rate of 1 pound 
per 5 pounds of milk produced. Up to 9 pounds daily of soybeans were 
fed. The silage, which was fed ad libitum, was corn silage, sorghum 
silage, or sorghum silage supplemented with 1 pound of corn per 20 
pounds of silage and was consumed at about the rate of 6 pounds daily 
per 100 pounds live weight. Bone meal and salt were also provided. No 
indication of vitamin A or other deficiencies were observed. The cows 
very nearly maintained their weight during the experimental feeding 
period. 
As compared with the cows on the normal grain ration the cows on 
the experimental ration produced slightly less milk which had a higher 
fat percentage and yielded slightly more butterfat. These differences in 
milk and fat yields were nonsignificant statistically, while the differences 
in percentage of butterfat were highly significant. Analysis of the milk 
and butterfat showed no difference in the percentage of protein in the 
milk, and marked differences which were highly significant in the nature 
of the butterfat as indicated by the iodine, Reichert-Meiss!, and Polenske 
values. The first value was raised and the other two lowered by the 
experimental feeding. The experimental ration had no particular effect 
on milk flavor or on specific gravity of the milk. 
It was concluded that under suitable price conditions the experi-
mental ration was practical for cows giving up to 50 pounds of milk daily. 
With higher producing cows a slight modification might be necessary. 
1 Original thesis submitted July 17, 1939. Doctoral thesis number 543. 
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Second Trial. 
In the second experiment two groups of cows were used in a paired-
double-reversal trial of three experimental periods in which the roughage 
(alfalfa hay and corn silage) and grain mixture of the two rations used 
were identical throughout except that one carried soybean oil which was 
replaced by an isodynamic amount of starch in the second grain mixture. 
The grain mixtures, which also included corn, oats, and cracked soybeans, 
were compounded and fed at such a rate that the cows received in their 
grain, respectively, 94 per cent and 41 per cent as much fat as they 
secreted in their milk. 
As compared with the medium (41 per cent) fat ration, during the 
last five weeks of each six-weeks' period, the feeding of the high (94 per 
cent) fat ration increased milk production 5.96 pounds per cow per week 
or 2.17 per cent. The percentage of butterfat in the milk decreased from 
3.37 to 3.17. This caused a decrease in total butterfat production of 0.36 
pound per cow per week or 3.92 per cent. Of these changes, only the per-
centage of butterfat was statistically significant. 
The feeding of the high fat ration increased the iodine value of the 
butterfat 11.65 numbers and lowered the Reichert-Meiss} and Polenske 
values 5.55 and 1.04 numbers, respectively, when compared with those 
obtained from the medium fat ration. All of these changes were highly 
significant statistically. The live weights of the cows were not affected 
by the type of feeding. 
When the data collected during the experimental periods are com-
pared with those collected during the preliminary and post-experimental 
periods when a herd grain ration was fed, and with some data obtained 
from a third group of cows on a herd ration, it is evident that most of the 
changes in milk quality occurring in the experimental periods were due 
to the high fat rather than the medium fat ration. Therefore, the changes 
observed were due almost entirely to the feeding of the free soybean 
oil and not to the oil that was in the beans. 
The high fat ration increased the time required for churning the 
cream and caused the production of an oily butter, even though it also 
raised the melting point of the butterfat. The color of the butter was 
reduced until it was very nearly white. The medium fat ration also some-
what reduced the color of the butter. 
Some of the cows consumed nearly 2 pounds of fat daily in the grain 
mixture without any apparent ill effect. 
By comparing the iodine value of the soybean oil and the changes 
occurring in the iodine value of the butterfat, it was found that, at least 
as far as unsaturation was concerned, the effect of feed fat on milk fat 
was the same as if 23 per cent of the soybean oil fed had been mixed with 
the original butterfat. 
Third Trial. 
In the third experiment two groups of cows were used in a paired-
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double-reversal trial with three experimental periods of four weeks each. 
Throughout the trial the cows were fed timothy hay, instead of alfalfa 
as in the previous trial, and corn silage in order to keep the protein intake 
more nearly balanced with actual requirements. One grain ration con-
tained 77.8 per cent soybeans and was fed at such a rate that the cows 
received in their grain 105 per cent as much fat as they secreted in their 
milk. The second grain ration was identical except that part of the soy-
beans were replaced by soybean oil meal from beans of the same source 
and processed at a low temperature so as to avoid altering the biological 
value of the proteins. Starch was also present in an amount isodynami-
cally equivalent to the difference in the soybean fat content between the 
two rations. The second ration was fed at such a rate that the cows re-
ceived in their grain 48 per cent as much fat as they secreted in their milk. 
Compared with the medium fat ration the high fat ration decreased 
milk production 10.6 pounds per cow per week (3.50 per cent), increased 
butterfat production 0.73 pound per cow per week (6.92 per cent), and 
increased the percentage of butterfat in the milk 0.38 (10.98 per cent). 
All of these changes were statistically significant or highly significant. 
The increased butterfat production amounted to 12.1 per cent of the 
extra fat fed. Up to 2.7 pounds of grain fat (mostly as part of the soy-
beans) were fed to cows daily without ill effects. The cows lost 5.8 
pounds in weight while on the high fat ration. 
As compared with the herd ration, the effects of the high fat ration 
were even greater. 
Both rations increased the iodine and thiocyanogen-iodine values 
of the butterfat as well as the percentages of oleic and linoleic (or its 
optical isomer) acids, and lowered the Reichert-Meiss! and Polenske 
values from those obtained when the herd ration was fed. The high fat 
ration caused greater changes than the lower fat ration, with the differ-
ences between the rations all highly significant. The high fat ration also 
increased the melting point of the butterfat about 2° C. 
Both rations shortened the time required for churning and greatly 
reduced the color of the butterfat. This reduction in color was an advan-
tage in the making of "Blue Cheese." The high fat ration also increased 
the melting point of the butterfat about 2° C. 
The effect on the unsaturation of the butterfat caused by the soybeans 
that were fed was the same as if 11.4 per cent of the fat in the soybeans 
had been mixed with the original butterfat. This is only half the value 
obtained when soybean oil was fed. 
By comparison with previous experiments it was concluded that the 
method of feeding soybean fat-in the bean or as oil-caused entirely 
different reactions in milk and butterfat production. There was also a 
difference in the degree of deviation of the various constants determined, 
the maximum deviations from the original factors which were obtained 
during the preliminary feeding period being caused by the feeding of 
the soybean oil. 
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Fourth Trial. 
Two groups of cows were used in a paired-double-reversal trial of 
three four-week periods. The rations compared were composed of alfalfa 
hay, corn silage, and a grain mixture containing 50 per cent by weight 
of soybeans, and were identical with each other except that the soybeans 
in one grain ration were replaced in the second grain ration by soybean 
oil and soybean oil meal manufactured at a low temperature so as not 
to influence the biological value of the protein. A selected lot of soy-
beans, one-half of which was extracted, was the source of the soybeans, 
soybean oil meal, and soybean oil used in this trial. The cows on either 
ration received 80 per cent as much fat in their grain as they secreted in 
their milk. 
The ration containing the soybeans caused the milk production to 
decrease 7.8 pounds per cow per week (2.38 per cent), the percentage of 
butterfat in the milk to increase 0.33 (11.11 per cent), and total butterfat 
production to increase 0.83 pound per cow per week (8.56 per cent) as 
compared with the ration having grain containing soybean meal and 
soybean oil. When these yields were compared with those obtained 
when the cows were fed the regular herd ration, it was noted that the 
ration having the unprocessed soybeans decreased milk production and 
increased butterfat production, while the ration containing free soybean 
oil increased milk production but decreased butterfat production. Statis-
tically, these changes were highly significant or significant. The live 
weights of the cows were relatively unaffected by the feeding of the 
experimental rations. 
Both rations greatly affected the nature of the butterfat. The greatest 
rise in iodine and thiocyanogen-iodine values and decrease in Reichert-
Meissl and Polenske values was caused by the feeding of the ration con-
taining free soybean oil. The percentage of oleic acid was also greatest 
when this ration was fed. The percentage of linoleic acid (or its optical 
isomer) in the butterfat was greatest when the soybean ration was fed. 
These differences were highly significant. 
Both rations increased the melting point of the butterfat and de-
creased the color. 
In general, feeding the ration containing unprocessed soybeans de-
creased churning time, while feeding the ration containing free soybean 
oil increased it. 
This experiment conclusively demonstrated that the method of feed-
ing soybean fat has an important effect on the yield of milk and the 
quantity and quality of its butterfat. 
ACTION OF MOLD INHIBITORS ON DAIRY PRODUCTS1 
JUDDIE JOHNSON Wn.LINGHAM 
From the Department of Dairy Industry, Iowa State College 
Received June 10, 1941 
Growth of molds on dairy products is a source of loss to the dairy 
industry, particularly with butter and various cheeses. The studies 
reported herein were undertaken to determine the mold-inhibiting proper-
ties of various compounds, especially propionic acid and its salts. 
The samples of salted and unsalted butter (with the exception of 
those churned from raw cream), the tubes of Czapek's medium, and 
some of the samples of cheddar cheese were inoculated with mold 
suspensions prepared from portions of moldy butter or moldy cheese, 
from plates poured for mold counts on butter, and from molds on the 
shelves of a cheese-curing room. All the other samples were not inocu-
lated since they contained molds. 
Propionic acid was very effective in inhibiting mold growth. With 
raw milk and raw cream, a concentration of 0.5 or 1 per cent prevented 
mold growth, and in Czapek's medium 1 per cent prevented growth. 
Wrapping salted and unsalted butter in parchment dipped in a 5 per cent 
solution of propionic acid and dipping cheddar cheese in a 5, 7, or 10 
per cent solution inhibited mold growth. Smearing the surface of cottage 
cheese with a 7 per cent solution was ineffective, but mixing the solution 
with the cheese delayed mold growth. With pure cultures of Penicillium 
roqueforti, Penicillium camemberti, and Oospora lactis in Czapek's med-
ium, a 0.5 or 1 per cent concentration delayed growth. 
Calcium propionate was less effective than propionic acid. With raw 
cream, a concentration of 0.8 or 1 per cent inhibited mold growth, and 
with raw milk and Czapek's medium, 5 per cent was effective. With 
salted and unsalted butter, dipping the butter or dipping parchment for 
wrapping the butter in a 12.5, 15, 18, 19, or 25 per cent solution inhibited 
growth. Dipping cheddar cheese in a 10 or 12 per cent solution gave 
some inhibition, and an 18 or 25 per cent solution was effective. Dipping 
swiss-type cheese in an 18 per cent solution delayed growth. Parchment 
treated commercially with 6, 10, 25, or 30 per cent calcium propionate 
was used to wrap butter and cheese and gave some inhibition but was 
less effective than dipping the butter or cheese or dipping parchment for 
wrapping the products in solutions of calcium propionate. Smearing the 
surface of cottage cheese with an 18 per cent solution did not delay 
growth, but mixing the solution with the cheese was effective. A 5 per 
cent solution inhibited growth of pure cultures of P. roqueforti, P . 
camemberti, and 0. lactis in Czapek's medium. 
1 Original thesis submitted June, 1941. Doctoral thesis number 605. 
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Sodium propionate was less effective than calcium propionate or 
propionic acid. With raw cream, a 1 per cent concentration inhibited 
growth, and with raw milk and Czapek's medium, a 5 per cent concen-
tration was effective. Dipping salted and unsalted butter in an 18 or 25 
per cent solution inhibited growth. Dipping cheddar cheese in a 12 per 
cent solution gave some inhibition, and an 18 per cent solution was 
effective. Smearing the surface of cottage cheese with an 18 per cent 
solution was ineffective, but mixing the solution with the cheese inhibited 
growth. A solution of 1 or 5 per cent was ineffective with pure cultures 
of P. roqueforti and 0. lactis in Czapek's medium but inhibited growth of 
P. camemberti. 
Acetic acid and calcium acetate used in a concentration of 1 per 
cent or less with raw cream did not inhibit mold growth. 
Sodium benzoate in a 1 per cent solution was effective as a mold 
inhibitor when used in raw cream and Czapek's medium. A number of 
compounds that have been suggested for the destruction of bacteria under 
various conditions were unsatisfactory as mold inhibitors when used with 
cream, Czapek's medium, butter, and cheese. 
The use of 1 per cent of various wetting agents, along with the mold 
inhibitors, increased the effectiveness of the inhibitors with liquids, such 
as cream and Czapek's medium, but did not increase the effectiveness 
with solid materials, such as butter and cheese. 
The use of special wax parchments instead of regular parchment for 
wrapping butter and cheese did not increase the mold-inhibiting proper-
ties of propionic acid and its salts. The use of special cellophane for 
wrapping cheese increased the effectiveness of the mold inhibitors, as 
compared with parchment and tin foil. 
The samples of butter and cheese held at 15°C. usually showed mold 
growth before the samples held at 10°C. Unsalted butter commonly 
showed mold growth before salted butter. The use of different dilutions of 
a mold suspension to inoculate butter made little difference in the 
period before mold growth appeared. There was little difference between 
dusting mold spores on the surface of a medium containing propionic 
acid or its salts and distributing them through the medium in the time 
required for mold growth to be evident. 
With 1 per cent propionic acid in inoculated milk and raw cream, the 
effect of the mold inhibitor was evident microscopically by the disappear-
ance of the spores from the microscopic preparations. With lower concen-
trations of propionic acid or with a 1, 2, or 5 per cent concentration of 
calcium propionate, there was a delay in the germination of the spores 
and often a disappearance of some spores. When germination occurred, 
the growth appeared to lack vigor. 
With calcium propionate in inoculated milk and raw cream, lowering 
the pH with lactic acid increased the inhibition of the molds. 
Propionic acid, calcium propionate, and sodium propionate imparted 
a slight odor and flavor to the dairy products, but neither was objectionable, 
and with cheese the flavor was rather pleasing. White discolorations on 
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butter and cheese were sometimes produced but disappeared after a few 
days. Acetic acid produced a slight odor. The other compounds produced 
no noticeable odors, flavors, or discolorations. 
Since the conditions in many of the trials were very similar to con-
ditions in commercial plants, it appears that propionic acid and its 
salts would be useful commercially for preventing mold growth on dairy 
products. 
UNSYMMETRICAL ORGANOBISMUTH COMPOUNDS1 
HARRY LOUIS YABLUNKY 
From the Department of Chemistry, Iowa State College 
Received May 22, 1941 
The metal-metal interconversion reaction between triarylbismuth 
compounds and n-butyllithium2 has been extended to determine the rela-
tive !abilities of aryl radicals attached to bismuth in unsymmetrical 
organobismuth compounds. 
R R'B" C H L" / R2Bi-n-C4H9 + R'Li 
2 1 + n- 4 9 1 - "'-.. RR'Bi-n-C4H9 + RLi 
The reactions were allowed to proceed in diethyl ether for 10 minutes at 
25° C., and the amounts of RLi and/or R'Li formed were estimated sub-
sequent to carbonation with dry ice as the corresponding carboxylic acids. 
Di-p-chlorophenyl-o-tolylbismuth yielded 38.4 per cent p-chloro-
benzoic acid and no o-toluic acid; di-p-chlorophenyl-a-naphthylbismuth, 
21.9 per cent p-chlorobenzoic acid, and 22.7 per cent a-naphthoic acid; di-p-
chlorophenyl-p-tolylbismuth, 28.2 per cent p-chlorobenzoic acid, and 7 .. 7 
per cent p-toluic acid; diphenyl-p-chlorophenylbismuth, 29.4 per cent 
p-chlorobenzoic acid and 10 per cent benzoic acid; di-p-tolyl-a-naphthyl-
bismuth, 6.1 per cent a-naphthoic acid and no p-toluic acid; and diphenyl-
a-naphthylbismuth, 21.6 per cent a-naphthoic acid and 1.7 per cent benzoic 
acid. 
When a similar interconversion was carried out between symmetrical 
R 3Bi compounds and n-butyllithium under corresponding conditions, tri-
p-chlorophenylbismuth gave 48.6 per cent p-chlorobenzoic acid; tri-p-
bromophenylbismuth, 41.3 per cent p-bromobenzoic acid; tri-p-fl.uoro-
phenylbismuth, 41.4 per cent p-fl.uorobenzoic acid; triphenylbismuth, 5.8 
per cent benzoic acid; tri-p-tolylbismuth, 2.2 per cent p-toluic acid; and 
tri-p-ethoxyphenylbismuth, 2.0 per cent p-ethoxybenzoic acid. Tri-o-
tolylbismuth, tri-o-chlorophenylbismuth, and trimesitylbismuth under-
went no metal-metal interchange with n-butyllithium under the conditions 
described above. With tri-a-naphthylbismuth, the yield of a-naphthoic 
acid was 1.2 per cent, due probably to the insolubility of this bismuth com-
pound in ether. In all the other metal-metal interconversions described 
above, the bismuth compounds were dissolved completely in the ether 
(40-60 ml.) prior to the addition of n-butyllithium. 
When metal-metal interconversions were carried out between R2Hg 
and RR'Hg compounds and n-butyllithium under comparable conditions, 
di-p-chlorophenylmercury gave 67.8 per cent p-chlorobenzoic acid and 
phenyl-p-chlorophenylmercury, 54.4 per cent p-chlorobenzoic acid and 
1 Original thesis submitted December 18, 1940. Doctoral thesis number 598. 
•Gilman, Yablunky, and Svigoon, J. Am. Chem. Soc., 61, 1170 (1939). 
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4.9 per cent benzoic acid. The absence of any observable reaction be-
tween trimesitylbismuth and n-butyllithium was in direct contrast to 
the reaction with dimesitylmercury which gave 72.5 per cent of the cor-
responding carboxylic acid. Steric hindrance may play an important role 
in these reactions, and this explanation appears valid also for the absence 
of any reaction between tri-o-tolylbismuth or tri-o-chlorophenylbismuth 
and n-butyllithium. Furthermore, di-p-tolylmercury and n-butyllithium 
gave 41.5 per cent p-toluic acid, while diphenylmercury gave 26.1 per 
cent benzoic acid. Thus, the p-tolyl radical was more labile than phenyl 
when attached to mercury, and this was in contrast to the !abilities of 
these radicals when attached to bismuth. 
These latter experiments showed that the central metal of the organo-
metallic molecule exerted an influence on the rate of metal-metal inter-
conversion. In addition, the reaction between tri-p-chlorophenylbismuth 
and n-butyllithium which gave 48.6 per cent cleavage in diethyl ether gave 
no reaction in a mixture of petroleum ether (b.p., 28-30°) and benzene. 
Thus, the nature of the solvent played an important role in all these 
reactions. Di-p-tolylmercury and di-p-chlorophenylmercury, which are 
slightly soluble in ether, gave an increase in .interconversion with an in-
crease in volume of the solvent. This was due to the fact that more of the 
compound was in solution and, hence, available for reaction. Obviously, 
the solubility of the organometallic compound must be considered a factor 
in all these or related reactions. 
Based on the metal-metal interconversion reactions between R2R'Bi 
and R 3Bi compounds and n-butyllithium, it was possible to evolve the 
following series of radicals in order of decreasing lability: 




o-tolyl, o-chlorophenyl, mesityl 
In the series of radicals obtained by the cleavage of unsymmetrical 
organomercury3 and other organometallic4 compounds, the radicals under 




• For leading references to the work of Kharasch, see J. Chem. Education, 11, 
82 (1934); J. Org. Chem., 3, 409 (1938). See also, Whitmore and Bernstein, J. Am. Chem., 
Soc., 60, 2626 (1938). 
•Gilman, Towne, and Jones, ibid., 55, 4689 (1938). 
•The p-ethoxyphenyl radical is not listed in this series, but the p-methoxyphenyl 
radical is placed above the o-tolyl radical and approximately equal to the mesityl radi-
cal in !ability. One may assume arbitrarily that the p-ethoxyphenyl group would 
occupy a position similar to the p-methoxyphenyl group. 







The metal-metal interconversion reaction between organobismuth 
compounds and n-butyllithium confirmed the position of the p-fl.uoro-
phenyl radical in the series of radicals obtained by the cleavage of un-
symmetrical mercurials by hydrogen chloride.6 In addition, the cleavage 
with n-butyllithium showed that the p-bromophenyl and p-chlorophenyl 
radicals were also exceptions to the rule that direct substitution decreases 
the lability of the phenyl radical.7 
The metal-metal interconversions between symmetrical triaryl-
bismuth compounds and n-butyllithium were of more than ordinary 
interest. They offered confirmation of the series of radicals obtained by 
the metal-metal interchange reactions carried out with unsymmetrical 
bismuth compounds. This indicated that a series of radicals need not 
of necessity be derived from the preferential replacement of one radical 
from an unsymmetrical organometallic compound. 
The two series of radicals given above differ considerably and are 
almost reversals of one another. The futility of trying to generalize any 
single series of radicals is evident. At this time it is unwise to say any 
more than that the series of radicals obtained by the metal-metal inter-
conversion reactions with n-butyllithium is restricted in use to the reac-
tion from which it was derived. 
• Kharasch, Pines, and Levine, J. Org. Chem., 3, 347 (1938). 
'Kharasch and Flenner, J. Am. Chem. Soc., 54, 674 (1932). 
NUTRITIONAL STATUS OF IOWA STATE COLLEGE WOMEN. 
VI. FACTORS CONTRIBUTING TO VARIABILITY 
IN BASAL METABOLISM1 
CHARLOTTE MARIE YoUNG 
From the Department of Foods and Nutrition, Iowa State College 
Received May 22, 1941 
At least four basal metabolism observations, two on each of two days, 
are reported on 169 different college women from 17 to 29 years of age, 
149 of whom were between 17 and 23 years, inclusive. Of this original 
group, 55 individuals remained in college and were observed for more than 
one year: 55 for two years, 39 for three years, and 10 for the entire four-
year college period. This group is known as the repeat group. The re-
maining 114 were observed one year only and are referred to as the non-
repeats. Thus both a longitudinal and a cross-sectional study has been 
possible. This study is the most extensive college study so far reported. 
The purpose of the study was to report the basal metabolism of the 
college woman measured under her usual living conditions with no restric-
tion of her routine except that imposed by the post absorptive state. Vari-
ability is dealt with as a fundamental characteristic of basal metabolism. 
By statistical methods an attempt has been made to segregate some of the 
factors which may contribute to the variability of basal metabolism, for 
example, the effects of the amount of sleep the night previous to testing, 
the menstrual cycle, interindividual and intraindividual variability, the 
state of nutrition as measured by hemoglobin level, the method of selec-
tion of data, training in the testing routine, and fatigue. An endeavor has 
also been made to clarify, to some extent, the existing lack of parallelism 
between present standards and observed basal metabolism in college 
women. On the basis of this body of data a tentative standard for college 
women has been formulated. 
The repeat and non-repeat groups were found to differ significantly 
in mean metabolism. The metabolism of the repeat group was less than 
half as variable as that of the non-repeat group. Consequently in all 
analyses the repeat and non-repeat data were treated as two separate 
series. 
The average sleeping time the night previous to testing was 6.8 hours: 
Within the range studied, it made no difference in the basal metabolism 
observed on two successive days whether the tests were preceded by the 
same or different amounts of sleep. 
The reported effects of the menstrual cycle on basal metabolism 
were confirmed. These consist essentially of a premenstrual rise in basal 
metabolism with a lowering during actual menstruation and in the imme-
'Original thesis submitted June 5, 1940. Doctoral thesis number 565. 
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diately postmenstrual period. Statistical analysis by this laboratory of 
Wakeham's data (1923) showed a highly significant increase in basal 
metabolism in the premenstrual period. 
Standard deviations for total interindividual, interindividual, intra-
individual, intradaily intraindividual, and day-to-day intraindividual vari-
abilities are presented for both the repeat and non-repeat groups; these 
confirm the work of the Mayo Foundation. The data presented offer the 
advantage of obtaining all of the variability measures, both interindi-
vidual and intraindividual, from the same subjects, rather than from the 
three distinct and unequal groups used by the Mayo Foundation workers. 
Standard deviations for the non-repeat group suggest a greater variabil-
ity in the basal metabolism of college women than in the clinic individuals 
surveyed by the Mayo group. 
Using hemoglobin as an index, the nutritive state, within ranges 
which exclude the seriously abnormal, was unrelated to the level of basal 
metabolism. 
It was found that training in the testing routine had a highly signifi-
cant effect on basal metabolism, but apparently one day of testing was 
sufficient to acquaint the subject with the routine of the observation. For 
careful physiologic work, it is suggested that one practice day of testing 
be made before recording data. Since there is usually no provision for 
repeat testing in clinical studies, the effect of the newness of the test should 
be included in standards used for clinical purposes. 
The method of selection of data proved to be a variability factor of 
some importance. For a satisfactory comparison of basal metabolism, 
the method of selection of data must be uniform. The method suggested 
by this laboratory as the procedure of choice is the use of all data, unless 
at the time of the test and before calculation of results the test is dis-
carded for reasons of error in technic or non-basal condition of the subject. 
Using this method as a standard of comparison, the method of averaging 
the lowest observation on each of two days which check within 5 per cent 
and the method of using only the first day of observation appear to 
change the sample studied. 
The hypothesis was advanced that the fatigue picture observed in 
very active college women is reflected in an increased day-to-day vari-
ability in their basal metabolism. Evidence is presented for this hypothesis. 
Because of the very small variance between tests made on the same 
~lay, only one observation per day would seem to be necessary. Since the 
variance between days on the same individual was highly significant, 
observations on more than one day are essential to establish the basal 
metabolism of the individual for physiological studies. 
There seems little need to explain the lowered basal metabolism re-
ported for college women on the basis of a chronic low grade under-
nutrition. The simplest interpretation offered so far is the dearth of d~ta 
for this age group at the time standards were compiled, which resulted in 
prediction standards too high for physiological studies. 
160 CHARLOTTE MARIE YOUNG 
A tentative prediction curve for basal metabolism of women 17 
through 28 years of age is proposed. The curve follows much the same 
shape as the Mayo Foundation curve for women of these ages, but at a 
definitely and almost constantly lower level. This lower level is in keep-
ing with the basal metabolism observations reported on college women. 
It is suggested that the difference between the Mayo Foundation and the 
Iowa State standards may be due to the elevating effect of apprehension 
present in the clinical situation under which the Mayo Foundation stand-
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Liorhyssus hyalinus, 360 
Lipolyticactivities of various penicillia, 
relationship of, to the ripening of 
blue cheese, 77 
Maize, soil-inhabiting fungi attacking the 
roots of, 72 
Management of the mourning dove in 
southwest Iowa, 93 
Management of the Redhead, Nyroca 
americana (Eyton), in Iowa, 90 
Mansonia, 216 
perturbans, 216 
Maternal livers of rats fed a diet con-
taining dried autoclaved pork muscle, 
glycogen in, 46 
Meat in nutrition, 46, 69 
Mercaptans, condensation of, with chloral 
in the gaseous phase, 99 
Metabolism, basal, factors contributing to 
variability in, 158 
Metallic oxides as promoters for copper 
oxide catalysts in the hydrogenation 
of furfural, 134 
Metal-metal interconversions with organ-
olithium compounds, 106 
Metals, heave, quantitative volumetric 
titration of, 111 
Micrococcus, nuclear apparatus and sex-
ual mechanism in, 307 
Micromorphological approach to the study 
of soils, 80 
Micro-organisms, effect of carbon dioxide 
and acids on survival of, 132 
Microscopic method for measuring soil 
pore space and for characterizing soil 
structure, 137 
Microscopic method of studying soil struc-
ture, 379 ' 
Milk production, effect of soybeans and 
soybean oil on, 148 
Mirna n. gen., 475 
polymorpha, 475 
polymorpha, var. oxidans n. sp. n. 
var., 475 
Mimeae trib. nov., descriptions of, 471 
Mimeae n. tribe, 477 
Mineral acids and mold amylase as sac-
charifying agents for production of 
fermentable sugars from starch, 55 
Minnesota ants, new, 399 
Miridae, Chinese, 241 
Mold amylase as a saccharifying agent for 
production of fermentable sugars 
from starch, 55 
Mold inhibitors, action of, on dairy prod-
ucts, 152 
Moment-distribution method, analysis of 
continuous space frames by, 88 
Monograph of the Psyllinae and Triozinae 
(Psyllidae: Homoptera) in America 
north of Mexico, 145 
Morphology of the black onion fly, 96 
Mosquitoes, Iowa, preliminary report on, 
211 
Mosquito light trap catches from ten Iowa 
cities, 1940, 487 
Motility of the isolated crop of Periplaneta 
americana, effects of pH and of vari-
ous concentrations of sodium, potas-
sium, and calcium chloride on, 57 
Mourning dove, in southwest Iowa, ecol-
ogy and management of, 93 
Neisseria 
fulva n. sp., 471 
gigantea, n. sp., 472 
Neisseria from conjunctivitis and vagini-
tis, new species of, 471 
New ants from Minnesota, Iowa, and 
Wisconsin, 399 
New species of Neisseria from conjunc-
tivitis and vaginitis, 471 
Niesthrea f enestratus, 362 
Nitrogen, fixed, content of power plant 
flue gases, determination of, 207 
Non-aqueous solvents, ionizing power of, 
103 
Nutrition, meat in, 46, 69 
Nuclear apparatus and sexual mechanism 
in a micrococcus, 307 
Nutritional status of Iowa State College 
women, 158 
Nyroca americima (Eyton), in Iowa, ecol-
ogy and management of, 90 
Oat hulls, production of chemicals by the 
fermentation of the acid hydrolyzate 
of, 122 
Onion fly, black, bionomics and morphol-
ogy of, 96 · 
Operator, generalized, properties of, 173 
Organoalkali compounds, lateral, 117 
Organoaluminum halides, 7 
552 SUBJECT INDEX 
Organobismuth compounds, unsymmetri-
cal, 155 
Organolead compounds, unsymmetrical, 
33 
Organolead radicles, divalent, 8 
Organolithium compounds, some metal-
metal interconversions with, 106 
Organometallic compounds, relative re-
activities of some, 7 
Origin of sweet corn, 481 
Ornithodoros kelleyi, 540 
Otobius megnini, 540 
Oxide, copper, catalysts in the hydrogena-
tion: of furfural, some metallic oxides 
as promoters for, 134 
Oxides, metallic, as promoters for copper 
oxide catalysts in the hydrogenation 
of furfural, 134 
Overvoltage of solutions, hydrogen, effect 
of the presence of salts on, 85 
Pantothenic acid, effect on Eimeria nie-
schulzi growth-promoting potency of 
feeding stuffs, 443 
Parasites of the American coot in central 
Iowa, 437 
Penicillia, relationship of the lipolytic and 
proteolytic activities of, to the ripen-
ing of blue cheese, 77 
Periplaneta americana, effects of pH and 
of various concentrations of sodium, 
potassium, and calcium chloride on 
motility of the isolated crop of, 57 
Peruvian Tingitidae, two new, 329 
pH, effect of, upon the production of 
chemicals in several fermentations, 63 
pH, effects of, on motility of the isolated 
crop of Periplaneta americana, 57 
Physiologic and economic efficiency of ra-
tions containing different amounts of 
grain when fed to dairy cattle, 10 
Plants, absorption of radiant energy in, 44 
Poisson distribution of observations ob-
tained from _ irradiation experiments, 
analysis of group differences arising 
from, 49 
Polarographic method in the investigation 
of several Acetobacter suboxydans 
fermentation products, 52 
Pore space, soil, microscopic me thod for 
measuring, 137 
Pork muscle, dried autoclaved, concen-
tration of sugar in blood of pregnant 
rats fed a diet containing, 69 
Pork muscle, dried autoclaved, glycogen 
in maternal and fetal livers of rats 
fed a diet containing, 46 
Potassium, effects of, on motility of the 
isolated crop of Periplaneta ameri-
cana, 57 
Potency of feeding stuffs, Eimeria nie-
schulzi growth-promoting, nature of, 
443 
Production of chemicals by the fermenta-
tion of the acid hydrolyzate of oat 
hulls, 122 
Proteins, fluorescence associated with, 125 
Proteolytic activities of various penicillia, 
relationship of, to the ripening of 
blue cheese, 77 







Psyllinae in America north of Mexico, 145 
Quantitative estimation of wool, compari-
son of the aluminum-chloride and 
sulfuric-acid methods for, 391 
Quantitative volumetric titration of heavy 
metals, 111 
Rabbit, tame, Eimeria neoleporis occur-
ring in the cottontail transmissible to, 
409 
Radiant energy in plants, absorption of, 
44 
Radicals, electron-sharing ability of, 103 
Radicles, divalent organolead, 8 
Rations containing different amounts of 
grain when fed to dairy cattle, the 
physiologic and economic efficiency 
of, 10 
Rats fed a diet containing dried auto-
claved pork muscle, glycogen in ma-
ternal and fetal livers of, 46 
Rats, pregnant, fed a diet containing dried 
autoclaved pork muscle, concentra-
tion of sugar in blood of, 69 
Reactivities, relative, of some organo-
metallic compounds, 7 
SUBJECT INDEX 553 
Redhead, ecology and management of, in 
Iowa, 90 
Rhipicephalus sanguineus, 541 
Rhopalidae, Chilean, in the Edwyn D. 
Reed collection, 357 
Root rot, cotton, effect of insect control 
on the yield and quality of cotton 
prematurely killed by, 82 
Roots of Holcus sorghum L., histogenesis 
in, 189 
Roots of maize, soil inhabiting fungi at-
tacking the, 72 
Ruffed grouse, eastern, seasonal food 
preference trends in Iowa, 331 
Saccharifying agents for production of 
fermentable sugars from starch, min-
eral acids and mold amylase as, 55 
Salt in butter, distribution of, and its 
effect on bacterial action, 75 
Salts, effect of the presence of, on the 
hydrogen overvoltage of solutions, 85 
Sciurus niger rufiventer, inventory meth-
ods, 299 
Screw, modified archimedean, chemical 
engineering applications of, 19 
Seasonal food preference trends of eastern 
ruffed grouse in Iowa as shown by 
dropping analysis, 331 
Serial correlation in the analysis of time 
series, 3 
Sexual mechanism in a micrococcus, 307 
Silks, effect of sodium thiosulfate and 
sodium hydrogen sulfite on, 411 
Slope-deflection method, analysis of con-
tinuous space frames by, 88 
Sodium, effects of, on motility of the 
isolated crop of Periplaneta ameri-
cana, 57 
Sodium hydrogen sulfite, effect of, on 
some silks, 411 
Sodium hydroxide, germicidal properties 
of, 519 
Sodium thiosulfate, effect of, on some 
silks, 411 
Soil-inhabiting fungi attacking the roots 
of maize, 72 
Soil pore space, microscopic method for 
measuring, 137 
Soil structure, microscopic method for 
characterizing, 137 
Soils, micromorphological approach to the 
study of, 80 
Solution of linear differential equations 
by the use of functionals, 140 
Solutions, effect of the presence of salts 
on the hydrogen overvoltage of, 85 
Solvents, non-aqueous, ionizing power of, 
103 
Soybean amylase, concentration, char-
acterization, and properties of, 108 
Soybeans and soybean oil, effect of, on 
milk and butterfat production and on 
the quality of the butterfat, 148 
Space frames, continuous, analysis of, by 
three-dimensional moment-distribu-
tion and slope-deflection methods, 88 
Squirrel, western fox, inventory methods, 
299 
Starch, fractionation of, 37 
Starch, mineral acids and mold amylase 
as saccharifying agents for production 
of fermentable sugars from, 55 
Stereoisomeric alcohols, the number of, 
161 
Sugar, concentration of, in blood of preg-
nant rats fed a diet containing dried 
autoclaved pork muscle, 69 
Sugars from starch, fe~entable, mineral 
acids and mold amylase as saccharify-
ing agents for production of, 55 
Sulfuric-acid method for quantitative 
estimation of wool, 391 
Survival of micro-organisms, effect of 
carbon dioxide and acids on, 132 
Sweet corn, origin of, 481 
Tama (Iowa) Indian reservation, ticks 
collected on, 539 
Tapeworm Hymenolepis diminuta, effects 
of dietary modifications on, 60 





Three-dimensional method, analysis of 
continuous space frames by, 88 
Ticks collected on the Tama (Iowa) Indi-
an reservation with notes on other 
species, 539 
Soil structure, microscopic method of ' Time series, serial correlation in the 
studying, 379 analysis of, 3 
554 SUBJECT INDEX 
Tingitidae, Peruvian, two new, 329 
Titration, quantitative volumetric, of 
heavy metals, 111 
Triozinae in America north of Mexico, 145 
Tritota flexa (Wied.), bionomics and mor-
phology of, 96 
Ultra-high frequencies, dielectric constant 
of gases at, 128 
Unsymmetrical organobismuth com-
pounds, 155 
Unsymmetrical organolead compounds, 33 
Uranotaenia, 214 
sapphirina, 214 
Vaginitis, new species of Neisseria from, 
471 
Veratrum, American, chemical investiga-
tion of, 130 
Veratrum viride, chemical investigation 
of, 130 
Volumetric titration of heavy metals, 111 
Wastes, agricultural, activated carbon 
from, 227 
Western fox squirrel, major factors affect-
ing the use of two inventory methods 
applicable to, 299 
Wisconsin ants, new, 399 
Women, Iowa State College, nutritional 
status of, 158 
Wool, comparison of the aluminum-chlor-
ide and the sulfuric-acid methods for 
quantitative estimation of, 391 
Xenogenus gracilis, 360 
Yield of cotton prematurely killed by 
cotton root rot, effect of insect control 
on, 82 
Zenaidura macroura (Linn.), in southwest 
Iowa, ecology and management of, 93 
